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Anionic and neutral dichlorolanthanocene compounds [Cp，，2LnCl2][Li(THF)4: 
• (Ln = Er (5), Yb (6)) and Cp”2Yb(/^-Cl)2Li(THF)2 (7) have been prepared and fully 
characterized. They represent the first structurally characterized examples of an 
anionic dichlorolanthanocene stabilized by an alkali metal complex ion. 
Recrystallization of [Cp’,2YbCy[Li(THF)4] (6) from a toluene solution affords an 
“ate” compound Cp”2Yb( ju -Cl)2Li(THF)2 (7). However, recrystallization of 
Cp”2Yb("-Cl)2Li(THF)2 (7) from a THF or hexane solution still affords an “ate” 
compound. This perhaps indicates that the dissociation of THF molecules from 
[Cp，，2YbCy[Li(THF)4] (6) is an irreversible process or Cp”2Yb("-Cl)2Li(THF)2 (7) 
is theraiodynamically more stable than [Cp，，2YbCl2][Li(THF)4] (6). 
Various kinds of lanthanide-amide compounds have been synthesized. These 
include Yb(NHC6H3l>r2-2,6)3(THF)2 (8), Yb(NHC6H3i>r2-2,6)20NHC6H3l>r2-
2,6)2Na(THF) (9)，YbCNHCgH�它U2-2,5)3(THF)3 (10)，and YtKNECgHj它U3-2,4，6)30 
OMe)K(THF)2 (11), prepared from the reactions of YbCl, with MNHAr (M 二 Na^ K) 
in different molar ratios. Treatment of these compounds with Cp"H or Cp"Li gave 
organolanthanide-amide compounds bearing both Cp” and substituted anilino ligands 
such as Cp"Yb(NHC6H3^U2-2,5)2(THF) (19) and Cp”Yb(NHC6H3^ >r2-2，6)2(py)2 (12). 
All of these new lanthanide-amide compounds have been fully characterized by 
vii 
I 
various spectroscopic data and single-crystal X-ray analyses. The results show that 
the structures of these compounds are very diverse and dependent on the size of 
-••V 
• substituents on the ligand and crystallization solvents. 
Treatment of Yb(NHC6H3l>r2-2,6)2(/^NHC6H3Tr2-2,6)2Na(THF) (9) with 2 or 
3 equivalents of n-BuLi in THF afforded new lanthanide-imide compounds [Yb(斤 
NHC6H3i^r2-2,6)ONC6H3i^r2-2,6)(/vNC6H3iPr2-2，6)Li(THF)Na(THF)]2 (17) and 
[Yb(/^-NC6H3iPr2-2,6)3Li2(THF)Na(THF)]2 (18), respectively. Their molecular 
‘ structures have been confirmed by various spectroscopic data and X-ray diffraction 
studies. The Yb-N(imido) distances are shorter than the average Yb-N(amido) 
distance by about 6%. The Yb-N(imido)-C angles are nearly linear. These parameters 
strongly suggest the presence of some multiple bond character between Yb^ ^ and 
imido group in these imido-lanthanide compounds. It is anticipated that the 5d 
orbitals in ytterbium(ni) ion may have some interactions with the ligand orbitals. 
Compounds 17 and 18 are the first examples of lanthanide-imide compounds having 
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Chapter 1. Introduction 
1.1 Lanthanide-Amine Compounds “-
Amine often coordinates to the metal center as it is a Lewis base. In order to 
enhance the stability of complexes, multidentate ligands containing several amine 
groups are usually used in coordination chemistry. Some examples are shown below. 
r ~ \ r ~ \ NMe2 NHSiMe3 MezN NEMe \ , , NHSiMe3 1 NHSiMe3 
(HLi)i-i (见 2严 J 
, ‘ M e j S i H N Z (HL3)I-3 
NMe2 
MeN (HL-)^'^ : 
\ (HL , ) - (见)） i 
U n X ) : 
^ OH Me2N 1. NMe2 
(HL6 严 2 
HLi and HL: ligands could be monodeprotonated by n-BuLi and the resulting 
monoanions reacted with lanthanide(ni) chloride to give complexes with both amido 
and amine groups. The homoleptic diorganoamido lanthanide complex (Ln(Li)3) was 
prepared under mild condition from 3 equivalents of LiL! generated in situ in THF 
and suitable lanthanide trichloride. The lanthanide center in complex (Ln(Li)3) was 
surrounded by three amidos N(TMS) and three amines NMe] to form a distorted-




� NMe， 1 
- / \ l)"BuLi,THF Me3SiN/々 ， —���\NSiMe3 
NMe^ NHSiMe3 * f ""••Ln .Z n 1) 
2) 0.33 LnCl3 \ ^ ^ ^ ^ (卜i) 
(HLi)i � M e ) N < � N M e ， 
N S i M ^ 
L n = Er，Eu, Sm, Nd. 
[CHjNCCHzCHzCjHJ^LnCl]: complex was synthesized by using amine-
linked biscyclopentadienyl CH3N(CH2CH2C5H4)2" as an ancillary ligand and fully 
characterized by elemental analyses, MS, IR and H^ NMR spectroscopy. By 
comparing the IR, H^ and '^ C NMR spectra of [CHgNCCHaCHzCsHJ^LnCl]: complex 
with those of CH^N^CHzCHzCgHJ^ Na^ ，the absorption peaks of the C-N stretching 
vibration at about 1208 and 1127 cm'^  for the complexes were shifted to a lower | 
i 
frequency, and ^H and ^^ C chemical shifts for both N - C H 3 and N-CH: units were also | 
shifted to the lower field, indicating the presence of an intramolecular coordination 
bond from the bridging nitrogen atom to the lanthanide metal^^(Eq. 1-2). 
THF 
2CH3N(CH2CH2C5H4)2Na2 + ILnCWnTHF — oO C - room temp. 
Ln = Y, Yb,n = 0 [CH3N(CH2CH2C5H4)2Lna]2 (1-2) 
Ln = Sm, n = 3 
Ln = Nd, n = 4 
i 
1.2 Lanthanide-Amide Compounds 
The first metal amide, Zn(NEt2)2, was synthesized in 1856 by Frankland.^'^ 
The early transition metal amide Ti(NPh2)4 was prepared in 1935 by Dermer and •-
Femelius.i-8 20 years later the synthesis of the first /-transition metal amide U(NEt2)4 
was reported by Jones.^ "^ The first lanthanide amido complex appeared in 1963 
(Magirm et al.) in the form of “Cp^ErNH/'^io Short after lanthanide phthalocyanines 
were prepared by Kirin in 1965^'". Inorganic lanthanide amide LaCNH�)] was 丨 
synthesized in 1966 by Juza '^^ .^ In early 1970s Bradley et al began the detailed j 
investigation of homoleptic lanthanide amide derivatives by means of the bulky 
ligands bis(trimethylsilyl)amide^"^^ and bis(isopropyl)amide.^'^'^ 
The introduction of bis(trimethylsily)amide into the lanthanide chemistry by 
Bradley led to the isolation of homoleptic compound Ln(btsa)3 '^^ ^ interpreted as the ^ 
t first 3-coordinate lanthanide complex (Eq. 1-3). ！ 
！ 
LnCl3 + 3LiN(SiMe3)2 .-Ln{N(SiMe3)2}3 + 3LiCl (1-3) j 
Ln = La, Ce, Pr, Nd’ Sm, Eu, Gd, Ho, Yb and Lu 
The synthesis involved the reaction of dehydrated lanthanide halides with 3 
equiv of Li(btsa) prepared in situ from "BuLi and HN(SiMe3)2 in THF at room 
temperature, followed by subsequent extraction with hexane and final sublimation at 
75-100°C/10"^ mbar. Molecular structures of Ln(btsa)3 complexes have an interesting 
feature in which the lanthanide metal adopts a pyramidal geometry independent on 
the size of the central metal/"^^ In contrast, the corresponding main group and d-
transition metal complexes adopt a planar geometry. 
A large number of heteroleptic bis(trimethylsilyl)amido complexes 
containing substituted-cyclopentadienyl ligands have been reported. The monomelic 
3 
i 
bis(pentamethylcyclopentadienyl) complex of yttrium(III), Cp*2Y[N(SiMe3)2]，was 
made from Cp*2YCl(THF) and NalSKSiMe�):]-�' Apparently the steric bulkiness of 
the N(SiMe3)2 ligand was sufficient to prevent the formation of undesirable NaCl •� 
adducts. KN(SiMe3)2 also gave alkali metal halide free products when it reacted with 
KCl adducts of the larger, early lanthanide complexes Cp*2LnCl2K(THP), as shown 
in the equation belowi]? (Eq. 1-4). 
Cp*2LnCl2K(THF) + KN(SiMe3)2 • Cp*2Ln[N(SiMe3)2] + 2KC1 (1-4) j 
Ln = Ce, Nd, Sm • 
Mono(pentamethylcyclopentadienyl) complex of cerium(ni), ‘ 
] 
Cp*Ce[N(SiMe3)2]2, was prepared by reaction of Cp*Ce(0Ar)2 (OAr 二 2,6-(ii-tert- ‘ | i 
butylphenoxo) with 2 equiv of NaNCSiMe])] in toluene at 70�C (Eq. 1-5). Table 1- � 
i 
1 lists some heteroleptic bis(trimethylsily)amido complexes. 1 
Cp*Ce(0Ar)2 + 2NaN(SiMe3)2 Cp*Ce[N(SiMe3)2]2 + 2NaOAr (1-5) I 
！ 
Table 1-1. Heteroleptic Bis(trimethylsilyl)amido Complexes 
Compound Reference 
(C5Me4Et)2Y[N(SiMe3)2] Ln = Nd,Sm, Lu M 9 
[(^ >r)2ATI] Y[N(SiMe3)2]2 1 -20 




Me2Si(Me4C5)[(-)-menthyl-Cp]YN(btsa) 1 -22 
Me2Si(Flu)( 7/-Cp’)YN(SiMe3)2 1-23 
4 
i 
The sterically less crowded bis(dimethylsily)amido ligand was also 
introduced to the lanthanide chemistry. Homoleptic compound 
Ln[N(SiHMe2)2]3(THF)2 was isolated via stoichiometric reaction between LnCl] and 
Li[N(SiHMe2)2]. A distorted-trigonal-bipyramidal geometry is representative for 
Ln[N(SiHMe2)2]3(THF)2 in the solid-state with the THF molecules occupying the 
apical positionsi-24 (Fig. 1-1). “ 
。 ‘ V ^ ^ " • ‘ I 
cu^-H^cis I 
I 
Fig. 1 -1 Molecular Structure of Y[N(SiHMe2)j3(THF)2 I 
Y[N(SiHMe2)2]3(THF)2 could react with a linked bis(indenyl) ligand ( C ^ - l -
Me)2SiMe2 in toluene to form a novel ansa-yttrocene complex [(7/-C9H5-2-
Me)2SiMeJY[N(SiHMe2)2]. Utilization of Y[N(SiHMe2)2]3(THF)2 as a sterically 
flexible amido precursor ensures a high-yield synthesis, favorable solubility behavior, 
and the formation of two ；^Si-H agostically fused metallacycles'"^^ (Eq. 1-6). 
toluene 
Y[N(SiHMe2)2]3(THF)2 + (C9H6-2-Me)2SiMe2 • reflux 
(C9lV2-Me)2SiMe2Y[N(SiHMe2)2] + 2NH(SiHMe2)2 (1-6) 
Steric fine-tuning in silylamido complexes could be achieved by introducing 
N(phenyl) substituted silylamido groups. The variation of the steric bulk in 2,6-
5 
i 
position of the phenyl ring to a different structural chemistry. In complexes bearing 
phenyl-misubstituted ligands, Ln[N(Ph)(SiMe3)]3(THF)x，accommodation of two 
additional THF ligands comparable to Ln(bdsa)3(THF)2 was detected only in the 
presence of the largest lanthanide element, lanthanum. In the 2,6-dimethylphenyl 
case, the formation of LiCl ate-complex is favored, rendering the metal center in a 
distorted-trigonal-bipyramidal geometry. The steric hindrance of 2,6-diisopropyl-
substitution allows the isolation of an interesting formally coordinate complex . 
with a terminal Ln-Cl bond. 





T T ， \ 
Ln = La,x = 2 ^ ^ m Z � i , T W F � T H F ~ • L n — C I 
L , c r L , Ln = Nd, Lu 
A few reports are available on alkyl-substituted amido complexes. Though 
the system Ln(N"Pr2)3(THF) was described almost 20 years ago/]* unlike the 
Ln[N(SiMe3)2L derivatives, they never received that attention. Possible reasons 
might be their enhanced chemical and thermal instability, lack of structural 
characterization and presence of coordinated solvent. In addition, the synthesis of 
Ln(NT?r2)3(THF) is hampered by the formation of hexane soluble ate complex 
Li(THF)Ln(NTr2)4, (Ln = La, Nd, Y, Yb) of which the neodymium derivatives has 
been fully defined by X-ray crystallographic study^ '^ "^  (Fig. 1-2). The yttrium and 
ytterbium derivatives were shown to be isostructural/'^^ 
6 
— ^ 
： ： " ^ ^ ： 
Fig 1-2. Molecular Structure of Li(THF)Nd(NiPr2)4 
The ionic metathesis of LiN(Tr2) with lanthanocene chloride, 
(MeCjHJsLnCKTHF)，gave neutral (diisopropylamido)bis(methylcyclopentadienyl) 
lanthanides (MeC5H4)2LnN(Tr)2(THF)^-'^  (Eq. 1-7). Table 1-2 lists some lanthanide-
alkyl amido complexes. 
THF 
LnCl3 + 2MeC5H4Na • (MeC5H4)2LnCl(THF) + NaCl 
, toluene (MeC5H4)2LnCl(THF) + LiN( ？ij)! • (MeC5H4)2LnN('Pr)2(THF) + LiCl (1-7) 
Ln = Y, Er，Yb 









Nd(NTr2)2Me(AlMe3)2 1 -27 
7 
^ 
Arylamido has recently gained entry into lanthanide chemistry. The reactions 
of KNHAr (Ar = QH�-, C6H3Me2-2,6, CgHjl^ iv]》）with lanthanide and yttnuin 
trichlorides have been investigated by Evans et al}''^^ With the larger metals，Nd and -� 
- , ‘ 
Sm, and the smaller 2,6-dimethyl-substituted ligand, the bimetallic dianiomc 
complexes [K(THF)6]2[Ln(/^-NHQH3Me2-2,6)(NHC6H3Me2-2，6)3]2 were isolated as 
the potassium salts (Eq. 1-8). With the larger 2,6-diisopropyl ligand, neutral 
complexes were isolated in both solvated monometallic and unsolvated bimetallic 
forms. For Nd, a distorted-octahedral Nd(KHC6H3Tr2-2,6)3(11^)3 was obtained, 
while for Yb and Y，trigonal-bipyramidal complexes Ln(NHC6H3i?r2-2,6)3(THF)2 
were isolated (Eq. 1-9). The unsolvated complexes were prepared by treatment of 
aniline NH2C6H3Tr2-2,6 with Ln[N(SiMe3)2L. The dimeric [Ln( / / -NRC.K.Tr,-
2,6)Q<[H.Cfi^Tr2-2,6)2]2 was isolated in the same manner (Eq. 1-10). The reaction of 
the unsubstituted arylamido salt KNHQH)- with NdCl) produced an insoluble 
material which was characterized as [Nd(NHC6H5)3(KCl)3] (Eq. 1-11). 
TT-TF 2LnCl3 + 8KNHC6H3Me2-2,6 ~ » 
[K(THF)6]2[Ln( A-NHC6H3Me2-2，6)(NHC6H3Me-2,6)3]2 + 6KC1 (1-8) 
Ln = Sm, Nd 
THF 
LnCl3 +3 KNHC6H3卞r2-2,6 Ln(NHQH3�2-2,6)3(THF)n (1 -9) 
Ln = Nd, n = 3 




� [Ln( “ -NHC6lVPr2-2，6)(NHQlVPr2-2,6)2]2 (1-10) 
- , • 
Ln = Y,Yb 
I 
NdCl3 + 3KNHPh ~ • [Nd(NHPh)3(KCI)3] ( i - i i ) 
The sterically more crowded diphenylamido derivatives have been mainly 
» 
reported in the form of heteroleptic complexes along with the cyclopentadienyl 
ligand. LnCl3-2LiCl reacted with 1 equiv of MeCpNa in THF to give an anionic 
methylcyclopentadienyl early lanthanocene dichloride [(THF)2Li(片 
Cl)2]2[MeCpLii(THF)]. Transmetalation reaction between [(THF)2Li(/i-
Cl)2]2[MeCpLn(THF)] and LiNPh: afforded [Li(DME)3][MeCpLn(NPh2)3]i-36 (Eq. 1-
12). 
LnCl3.2LiCl-nTHF + MeCpNa • [(THF)2Li( A"Cl)2]2[MeCpLn(THF)] 
[(THF)2Li(/^"Cl)2]2[MeCpLn(THF)] + 2LiNPh2 • 
[Li(DME)3] [MeCpLn(NPli2)3] (1-12) 
Ln = La, Pr，Nd 
Reaction of (MeCjHJsLnCl with 2 equiv ofNaNPh^ afforded a novel amide 
complex [Na(THF)2(MeC5H4)2Sm(NPh2)Jn in 32.5% yield. This complex possesses a 
supramolecular structure composed of units of [Na(THF)2(//-7/: rf-
9 
^ 
MeC5H4)2Ln(NPh2)2] which are connected together via bridging rf-UQCfl^ groups, 
generating an alternate -Cp-Ln-Cp-Na- backbone.Organolanthanide complexes 
with 7^-cyclopentadienyl groups as bridging ligands to connect Ln and alkali metals 
together in a supramolecule are extremely rare. Only four examples, 
[NaYb(C5H5)3]尸 Na{[l,3-(Me3Si)2C5H3]Yb"}2(//-I)严 {K[(//-C5H3),Nd(//-
0Ar)J}„，i4�and 7 f - C M Q 5 ) ^ r n { O A i ) { u , w e r e reported so ： 
far. So this is the first example of supramolecular lanthanocene amides with a rf-Cp 
as a bridging ligand '^^ ^ (Eq. 1-13). Table 1-3 lists some heteroleptic diphenylamido 
complexes with cyclopentadienyl ligand. 
(MeC5H4)2LnCl + 2NaNPh2 • 
(l/n)[Na(THF)2(MeC5H4)2Ln(NPh2)2]n + NaCl (1-13) 
Ln = Sm, Er 
I 
I I 
Table 1-3. Heteroleptic Diphenylamido Complexes with Cyclopentadienyl Ligand ！ 
Compound Reference 
[Li(THF)4][(它 uCp)Yb(NPh2)3] M 2 
[Li(DME)3] [(77 -^C5H5)2Nd(NPh2) J 1 -43 
[Li(THF)4][(C5H5)2Ln(NPh2)2] Ln=Lu, Sm 1-44 





1.3 Lanthanide-Imide Compounds 
Imido-transition-metal complexes play an important role both in biological 
processes such as nitrogen fixation and in a series of industrial p r o c e s s e s . � " ^ 8 
-,‘ 
Cycloadditions, C-H bond activations and ring-opening polymerizations can all be 






Table 1-4. Some Imido-transition-metal Complexes 
Compound Reference 
Ti(二NR)(0Ar)(py,)2R = Ph, Ar = QH3Tr2-2,6 l^io 
Ti(=NPh)Cl2(TMEDA) 1-51 
Cp2Ti[=NC(二 CC4H J，r](PMe3) 1 -52 ！ 
i 
Cp2Zr(=N'Bu)(OPPh3) 1 -53 
CBu3SiNH)2(THF)Zr(=NSiBu3) 1 -54 
V(=N'Bu)Br3 1-55 
CpV(=N 它 ii)[N(SiMe3)2]Cl 1 -56 
Nb(=N側(NMe2)3 1-57 
Cp2Nb(=N'Bu)(7f-Cp) 1-58 
CpNb(=NMe)Cl2(PPh3) 1 -59 
However, syntheses of organometallic clusters containing a central //4-imido 
group have remained largely unexplored. Reaction between Me2Si(C9H7)(C2B 1 oHj i) 
and NaNH2 led to the isolation and structural characterization of the first 
organolanthanide clusters containing a //4-NH '^ group after treatment with LnCh^  in 
11 
^ 
THF: [{(77"-//rC9H6-SiMe2NH)Ln}2(/vClXTHF)]2(/vNH)(THF) (Ln = Gd，Er) 
Fig. 1-3 Molecular Structure of [{(7^-/^-C9H6-SiMe2NH)Er}.{jj^-
C1)(THF)],(A-NH)(THF) 
The structure of this tetranuclear clusters contains a butterfly arrangement of 
four metals which are connected by four doubly bridging //2-NHSiMe2-indenyl units | 
I 
over the edges, by two triply bridging //3-CI atoms spanning Ln( 1), Ln(2), and Ln(2A) | 
and Ln(lA), Ln(2), and Ln(2A), respectively, and by a quadruply bridging //4-NH 
group located on the crystallographic 2-fold axis. The coordination sphere around 
each metal is completed by either bonding to one indenyl group in a //-fashion or 
bonding to both //-indenyl and one THF molecule [for Ln(l) and Ln(lA)]. As a 
result, each metal has a distorted-octahedral geometry with a formal coordination 
number of (Fig. 1-3). 
Ytterbiiim(n) iodide reacted with lithium naphthalide in THF to give a black 
pyrophoric powder containing [Yb(CioH8)(THF)2]’ which was added to a THF 
solution of azobenzene at room temperature resulted in the formation of red crystals 
[Yb4(斤 77 :^77 -^Ph2N2)4(/vPhN)2(THF)4]. An X-ray crystal structure determination 
12 
^ 
showed four ytterbium atoms forming a planar rhombus with a center of inversion 
(Fig. 1-4). The Yb atoms are connected by four rf'. 7f-bridging azobenzene units and 
two /^bridging NPh groups，the latter resulting from the reduction of one •� ' 
azobenzene by four electrons. One N atom of each bridging [PliNNPh]^" ligand lies in 
the plane of the four Yb atoms; the other is below or above this planed�（Eq. 1-14). 
� 
THF i 4[Yb(CioH8)(THF>J h- 5PhN=NPh : 
I 
[Yb4(/^-夕2: y_ph2N2)4(/VPhN)2(THF)4] + 4CioH8 (1-14) [ 
^ V � 
Fig. 1-4 Molecular Structure of [Yh,{iJ.-Tf-. 则 )2(™?)� 
Complex {[Me2Al(/^-Me2)]2Nd(/^3-NC6H5)(/^-Me)AlMe}2 is a dimer in 
which each neodymium center is seven-coordinate (Fig. 1-5). Four coordination 
positions are occupied by two chelating [(/^-Me)2AlMeJ- ligands, and the other 
three are filled by a tridentate [(//-Me)( //3-NC6H5)AlMe]* group, which can be 
formally derived by the loss of a methyl group from AlMe; and a hydrogen from the 
[NHCgHj]* ligand The [(// -Me)( / / 3-NC6H5)AlMe]- groups form the dimer through 
N-Al bondsi-35 (Eq. 1-15). 
13 
i 
2Nd(NHQH5)3(KCl)3 + SAlzMe^ • 
2Nd[( a-NHC6H5)( A-Me)AlMe2]3 + 6KC1 
• '4Nd[( -NHCgH^X A -Me)AlMe2]3 + 9Al2Me6 • 
2 {[Me2Al( A -Me2)]2Nd( f i s-NC^HsX jU -Me)( AlMe} 2 
H- 2(Me2AlNHC6H5)3 + 2MeH + INRjCsRs (1-15) | 
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1.4 Some Applications of Lanthanide-Amide Compounds in Organic 
Synthesis 
-� Mukeiji et al reported the regioselective alkylation of epoxides by the ate 
reagent MeLi/LnO^tsaV" (Eq. 1-16). 
r CH3Li/Sm[N(SiMe3)-,J3 / \ ^OH [ 
0 ^ 〈 V ^ ( 1 - 1 6 ) I : 
•s. Et，0，RT，2hr \ / - \ / >99% ee 
CH3 丨 ; 
i Homogeneous desulflinzation of thiols and sulfides can be achieved by I: 
stoichiometric use o f Yb (b t sa ) (THF)2 . Carbon dioxide fixation by Ln(bsta)3 (Ln = . 
t 
Nd, Pr) was also repor ted�" Marks reported the organolanthanide-catalyzed 
hydroamination/cyclization of N-unprotected aminoolefins.^^' Mechanistically, j 
aminoalkene hydroamination/cyclization involves turnover-limiting insertion of the 
olefinic flmctionalily into a Ln-N bond followed by a rapid Ln-C protonolysis. 
The proposed mechanism for the achiral Cp,2LnN(TMS)2 complexes catalyzed 
hydroamination is shown below严 
. 1 5 
i 
Cp'2Ln-N(TMS)2 � 
‘ R R 
-� ” HN(TMS). 
• R R 
CpMn 
� \ i 
Y 丨 / R Cp'.Ln—NH k ‘ U ^ R 
而 八 ^ I I 
\ y I 
\ CpSLn H 
� 
t 
Scheme 1-1 Catalytic Cycle for Cp，2LnN(TMS)2 - catalyzed hydroamination 
The precatalysts Cp，2LnN(TMS)2 undergo rapid protonlysis of the Ln-N bond 
by the substrate, forming a labile amine-amido adduct which undergoes rapid bound 
amine-amide exchange as well as rapid bound-free amine exchange. Turnover-
limiting intramolecular olefin insertion into the Ln-N bond and subsequent rapid 
intra or intermolecular protonlysis of the resulting Ln-C bond afford product 
heterocycle and regenerate the catalyst. 
The complexes Cp%LnN(TMS)2 efficiently and regiospecifically catalyze the 
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intramolecular hydroamination/cyclization of N-unprotected amino olefins to the 
corresponding 2-methylheterocycles. This cyclization process is illustrated in (Eq. 1-
17). A new asymmetric center is generated adjacent to the heterocyclic nitrogen atom. 
The products are racemic with Cp，2LnN(TMS)2 as precatalysts. However, the chical 
complexes Me2SiCp"(R*Cp)-LnN(TMS)2 efficiently catalyze this process under 
identical conditions with high enantioselectivitv. Enantioselection data for the ， 
‘ \ 
i 
hydroamination/cyclization of several achiral amino olefins are presented in Table 1- i；； 
5 丨 ？ 1' 
， l y s t r V (1-17) . . I 
R"""；^ 丨 i: 
：丨, 
(a)R = H ； 
I (b)R = CH3 ! 
') 
1 
Table 1-5. Product Enantiomeric Excess for Catalytic Hydoamination/Cyclization of t 
Aininopent-4-ene (a) and 2,2-Dimethyl-l -aminopent-4-ene (b) mediated by 
Me2SiCp"(R*Cp)-SmN(TMS)2 
Substrate T(�C) Enantiomeric excess(%)(sign) 
1 25 62(+) 
2 0 72(+) 
3 25 60(+) 
4 0 61(+) 
5 -30 74(+) 
17 . 
� 
欢 丨 ； 
� s ( ^ >mN(SiMe3)2 | (SiMe3)2NSm 
R* i * 
I (S) (R) 
R* 二 f ^ � 
k (-)-menthyl ：丨 
Scheme 1-2. Chiral Me2SiCp"(R*Cp)-SmN(TMS)2 precatalyst |； 
丨r 
i ； 广 
k 
[ 
Complexes [Me^SiCCsMeJC 与 uN)]LnN(TMS)2 (Ln = Nd, Sm) are 
；― II.' 
significantly more active for aminoalkene hydroamination/cyclization than i! 
ii 
conventional (C5Me5)2LnCH(TMS)2 catalysts，which can be seen from Table 
k i L 
Table 1-6. Ancillary Ligation Effects on Intramolecular Hydroamination/Cyclization | 
of CH2=CHCH2C(CH3)2CH2NH2 
Catalyst N, (h"^),�C 
[Me2Si(C5Me4)(^uN)]SmN(TMS)2 181 (25�C) 
[Me2Si(C3Me4)('BuN)]NdN(TMS)2 200(25�C) 
(C5Me5)2SmCH(TMS)2 4.8 (25�C) 




In comparison with imido-transition-metal complexes, imido-lanthanide 
chemistry is largely unexplored and complexes bearing Ln=N double bonds have 
remained exclusive. To explore this type of chemistry, a program was initiated in our 
laboratory. We would like to employ steric demanding ligands such as substituted 
cyclopentadienyl or substituted aniline derivatives to stabilize complexes with Ln=N 
•！ 
double bond characters. During the course of this study, a number of new amido- and ‘ 
imido-lanthanide complexes were prepared and structurally characterized. Their | 
I ； 









Chapter 2. Synthesis and Structural Characterization of 
Anionic and Neutral Dichlorolanthanocene Compounds 
As key intermediates to various kinds of organolanthanide compounds, a 
large number of lanthanocene(ni) chlorides have been prepared and structurally 
八 八 ^ 
C p 2 l / � L i i C p 2 C p 2 l / > ( L ) 2 [Cp2LnCl2][M(L)4] ! 
CI CI I； 
I n ni E： p Ln = lanthanide ion; M = alkali metal ion i I f characterized.^"^ In view of these compounds, their molecular structures fall into | 
• I丨 
i types I, n and HI. No crystal data on type HI compounds, however, have ever been ！: 
！' 
!> I I 
reported in the literature yet presumably due to the poor stability,: Only in case the : 
M+ is replaced by bulky cations such as ammonium, phosphonium or arsenium, | 
compound [R4A][Cp"2LnCl2] (Cp" = (Me3Si)2C5H3) can be stabilized and 
[As(C6H5)4][Cp"2NdCy has been subjected to X-ray diffraction study.^ '^  We report 
herein the rare structurally characterized example of the type m compound 
[Cp”2LnCl2][Li(THF)J (Ln = Er, Yb) and X-ray crystal structure of Cp”2Yb(//-
Cl)2Li(THF)2. 
2.1 Synthesis^"^ 
Treatment of LnCl] with 2 equiv of Cp"Li in THF gave, after crystallization 
from a THF/«-hexane solution at -30�C, ionic compounds [Cp"2LnCl2][Li(THF)4: 
20 
J 
(Ln = Er (5), Yb (6)) in about 70% yield. The ^H NMR spectra of the hydrolysis 
products support the ratio of two THF molecules per ligand. The coordinated THF 
-molecules in these compounds are very labile and can be easily lost by keeping the 
crystals away from the mother liquor for a while even at room temperature, which 
may explain why the values of carbon and hydrogen analyses on these solids were ^ I I* generally lower than the theoretical ones. 1 
' � 
！c 
Recrystallization of 6 from a toluene solution afforded an "ate" compound ； [ 
Cp”2Yb(//-Cl)2Li(THF)2 (7). It is noteworthy that recrystallization of 7 from a THF/n- Ij F i丨 ；丨< 
hexane solution still afforded 7，and no compound 6 was isolated, which perhaps 丨: 
丨  
！ h i ‘ indicate that the dissociation of THF molecules from 6 is an irreversible process or 7 • Ii « 
is theraiodynamically more stable than 6. It is further noted that compounds 5 and 6 | 
can only be obtained by initial attempt. Recrystallization always causes loss of the 
coordinated THF molecules leading to the formation of the "ate" compounds of the 
type n . Scheme 1 summarizes the above-mentioned transformations. 
Scheme 1 CI 
2Cp"Li + LnCl3 [Cp”2LnCy [Li(THF)4] 二、 C p " 2 < >i (THF)2 
CI 
Ln = E r ( 5 ) , Y b ( 6 ) 7 
21 
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2.2 Structural Characterization 
Table 2-1 lists selected bond distances and angles. The solid-state structures 
of both 5 and 6 as derived from single-crystal X-ray analyses reveal that they are 
isostructural and isomorphous. Their representative structure is shown in Fig. 2-1. It 
consists of well-separated, alternating layers of discrete tetrahedral anions 
� 
Cp^LnCy- and tetrahedral cations [Li(TipF)4r, a typical ionic lattice. In the anion, t 
N. 
1.1 . I： the Ln3+ ion is //-bound to two cyclopentadienyl rings and cr-bound to two terminal r 
！' 
chloride ions in a distorted-tetrahedral geometry. The average Ln-C distances are j: 
•It r 
* � 
2.667(3) A in 5 and 2.641(3) A in 6, respectively. The 0.026 A difference in the ：  
above distances is comparable to the 0.019 A difference in Shannon's ionic radii of “ 
i i 
I 
eight-coordinate (1.004 入）and Yb^^ (0.985 入).2-5 The average Ln-Cl distance of | 
- I 
2.563(1) A in 5，2.546(1) A in 6’ and 2.668(3) A in [As(C6H5)4][Cp”2NdClj2-3 are all ^ 
comparable to each other if Shannon's ionic radii are taken into account. The Cl-Ln-
C1 angle of 103.11(3)�in 5 and 102.77(3)�in 6, and the Cent-Ln-Cent angle of 129.9� 
in 5 and 130.1� in 6 are all larger than the corresponding values of 99.3(1)�and 
126.3° in [As(C6H5)4][Cp"2NdCy2-3, respectively, perhaps due to crystal packing 
forces. 
An X-ray diffraction study reveals that Cp"2Yb(//-a)2Li(THF)2 (7) is similar 
in structure to Cp"2Nd(/i-Cl)2Li(THF)2 but they are not isomorphous. As shown in 
Fig. 2-2, the Yb]. ion is ；/-bound to two cyclopentadienyl rings and cr-bound to two 
22 
i 
doubly bridging chloride ions in a distorted-tetrahedral geometry. The Cl-Yb-Cl 
angle of 84.89(3)�is s milar to that of 82.10(1)�in Cp”2Nd(/^Cl)2Li(THF)2 and other 
type n compounds2-7，but is significantly smaller than that of 102.77(3)° in 6 
probably due to the bridging unit that forces the Cl-Yb-Cl angle to be 
smaller. The Cent-Yb-Cent angle of 127.5° is also smaller than that of 130.1° in 6. t 
|i 
i:? 
The doubly bridging CI atoms result in that the average Yb-Cl distance of 2.590(1) A it ‘ I,. 
f: jt, in 7 is 0.044 A longer than that in 6. The average Yb-C distance of 2.630(3) A is ) 




t 2.3 Conclusion : 
丨)• 
The rare structurally characterized example of an anionic dichlorolanthanocene | 
stabilized by an alkali metal complex ion is reported. Such a compound can only be 
prepared by initial attempt. Any recrystallization will cause loss of the coordinated 
solvent molecules leading to the formation of an “ate” compound of the type EL 
23 
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Table 2-1. Selected Bond Distances (A) and Angles (。）for 5 - 7 
Compound 5 6 7 
CLn) (Er^ -) (Yb” (Yb l^ •-
av. Ln-C 2.667(3) 2.641(3) 2.630(3) 
av. Ln-Cl 2.563(1) 2.546(1) 2.590(1) 
av. Li-0 1.925(8) 1.937(7) 1.913(7) f 
av. Li-Cl 2.372(6) ：^ 
、！f 
Cl-Ln-Cl 103.11(3) 102.77(3) 84.89(3) | I Cent-Ln-Cent 129.9 130.1 127.5 |t Is 
, 卜 
I — V 
丨: F： ！i � I 
i n 
^ I 
Figure 2-1. Molecular structure of [Cp"2YbCy[Li(THF)4] (6) 
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Chapter 3. Synthesis and Structural Characterization of 
Amido-Lanthanide Compounds 
:: In chapter 2, we reported anionic dichlorolanthanocene compounds. We now 
turn our attention to lanthanide-amide compounds. This chapter is to describe the 
synthesis and structure characterization of lanthanide-amide compounds. ^ 
i 
3.1 Synthesis and Structural Characterization of Yb(NHAr)3(THF)^ |1 
J,, 
！: Treatment of YbClg with 3 equiv of NaNHAr (Ar = 2,6-diisopropylaryl (2), E 
2,5-cii-tert-butylaryl (3))' in THF at reflux temperature gave compound | 
» 
i I 
! � Yb(NHAr)3(THF)„ in 55-65% yield (Eq. 3-1). They are soluble in hexane and could |I 
n 
be recrystallized from a hexane solution. ； 
I 
YbCls + 3NaNHAr Yb(NHAr)3(THF), + 3NaCl (3-1) L 
n = 2, Ar = 2,6-diisopropylaryl, (8) 
n = 3, Ar = 2,5-di-tert-butylaryl, (10) 
Yb(NHC6H3Pr2-2,6)3(THF)2 (8) is a known compound,^ "^ and its structure 
was reported by Evans et. al in 1996. The method we used to synthesize 
Yb(NHC6H3^^r2-2,6)3(THF)2 (8) was similar to the literature method, but sodium salt 
was used instead of potassium one, and the reaction was carried out at reflux 
temperature rather than at room temperature. YbCNHCsH�它U2-2，5)3(THF)3 (10) was 
fully characterized by IR, ^H and ^^ C NMR, elemental analyses, and X-ray analyses. 
26 
i 
However, the paramagnetism of these complexes limits the structural information 
obtainable from NMR spectroscopy. The solid-state structure of compound 10 is 
shown in Figure 3-1. Bond distances and bond angles are given in Table 3-1. 10 is a 
distorted-octahedral complex, while Yb(NHC6H3i^r2-2,6)3(THF)2 (8) adopts an 
approximately trigonal-bipyramidal structure with the three large amido ligands in ^ 1 
the equatorial positions. The coordination number for Yb metal is 6 in 10 and 5 in 8， 
•s 
；• ！ 
f " probably indicating the less bulk of 2,5-di-tert-butylanilino group. Three 2,5-di-tert- \ 
. . [ butylanilino units are oriented in a facial arrangement. The angles involving pairs of ：；| 
i�丨 
ii ；> 
THF molecules are 75.49(5) 99.85(5)�and 174.71(5)。，respectively, whereas the 
I ？ 
angles involving pairs of arylanilino ligands are 88.32(5)。，107.38(5)�and 161.91(5)。， jj S 
respectively. The average Yb-N distance is 2.242(2) A in 10，whereas the average | 
Nd-N distance is 2.321(1) A in Nd(NHC6H3Tr2-2，6)3(THF)3.3-i The 0.079 A 
difference in the above distances is comparable to the 0.115 A difference in 
Shannon's ionic radii of six-coordinate NcT (0.983 A) and Yb'" (0.868 A).''' The 
average Ln-O distance of 2.376(2)人 in 10 and 2.588(8) A in NdCNHQHjiPiy 









Figure 3-1. Molecular structure of YbCNHQH�它U2-2，5)3(THF)3 (10) :> 
•r-一 n i 
Treatment of YbCl� with 3 equiv of KKHCgH:它U3-2，4，6 (4) in THF/DME | 
gave compound YbCNHCsH�它U3-2,4，6)3O-0Me)K(THF)2 (11) in 64% yield (Eq. 3-
2), which is soluble in hexane. 
, THF/DME YbCls + 3KNHC6H2 Bu3-2，4,6 • A 
Yb(NHC6H2'Bu3-2，4,6)3( //-0Me)K(THF)2 + 3KC1 (3-2) 
11 
Compound 11 was fully characterized by various spectroscopic data, 
elemental analyses, and X-ray analyses. The ^H NMR spectrum was not informative, 
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showing many very broad，unresolved resonances. The molecular structure of 
compound 11 is shown in Figure 3-2. Bond distances and bond angles are given in 
table 3-2. The Yb^^  ion is -bound to three arylanilino and one OMe groups in a 
distorted-tetrahedral geometry. The OMe group may come from the activation of a 
C-0 bond in the reaction of KH with dimethoxyethane in the presence of lanthanide ？ |l 
I complex.3-3 The coordination number for ytterbium ion in compounds 11, 8 and 10 ) j'"! 
II, 
广‘ are 4, 5 and 6, respectively, which is consistent with the steric bulkiness of the j 
. . . 1： corresponding anilino groups. The average Yb-N distance is 2.191(8) A in 11，which | 
h丨 
is comparable to the 2.212(9) A in four-coordinate complex [Yb(NPh2)4][Li(THF)4]/- ：^ 
ff 4. The Yb-0 distance is 2.085(6) A. The //-OMe group is asymmetrically located ' 
'H 
between K and Yb, close to ion (2.085(6) A) and distant to K+ ion (2.857(7) A). I 
The K+ ion also has strong interactions with one of the aromatic rings at an average 
K-C distance of 3.265(1) A, which is comparable to the average K-C distance of 
3.257(2) A in K[Nd(0-2,6-i-Pr2C6H3)J，3-5. The K-C distances observed in the 
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Table 3-1. Bond Distances (A) and Bond Angles (�) for Yb(NHC6H3TBu2-2,5)3(THF)3 
(10) 
Yb(l)-N(2) 2.213(2) C(25)-C(26) 1.418(3) 
Yb(l)-N(3) 2.253(1) C(26)-C(27) 1.413(2) 
Yb(l)-N(l) 2.260(1) C(27)-C(28) 1.365(2) 
Yb(l)-Q(l) 2.343(2) C(28)-C(29) 1.404(3) 
Yb(l)-0(2) 2.352(2) C(28)-C(31) 1.543(3) 
Yb(l>0(3) 2.432(1) C(29)-C(3Q) 1.342(3) 
0(1)-C(61) 1.438(2) C(31>C(32) 1.488(5) | 
Q(l)-C(64) 1.460(2) C(31)-C(33) 1.495(3) i, 
0(2)-C(71) 1.438(2) C(31)-C(34) 1.508(5) || 
0(2VC(74) 1.449(3) C(41)-C(44) 1.515(3) 
0(3)-C(81) 1.419(3) C(42)-C(44) 1.516(3) !；： 
0(3)-C(84) 1.444(2) C(43)-C(44) 1.582(2) 
N(1>C(6) 1.365(2) C(44)-C(45) 1.537(3) I； 
‘ N(2)-C(26) 1.398(2) C(45)-C(5Q) 1.391(2) ^ 
N(3)-C(46) 1 . 3 8 7 � （：(45)-(：(46) 1.424(2) ， 
C(l)-C(4) 1.572(3) C(46>C(47) 1.417(3) 
C(2>C(4) 1.560(2) C(47)-C(48) 1.371(2) ；y 
C(3)-C(4) 1.572(3) C(48)-C(49) 1.364(3) ^ 
C � - C ( 5 ) 1.547(3) C(48)-C(51) 1.523(3) t 
C(5>C(1Q) 1.380(3) C(49)-C(5Q) 1.394(3) | 
C(5)-C(6) 1.428(2) C(51)-C(53') 1.447(6) ! 
C(6)-C(7) 1.433(3) C(51)-C(52) 1 . 4 6 6 � ！ 
C(7)-C(8) 1.357(2) C(51)-C(53) 1-592(4) 
C(8)-C(9) 1.404(3) C(51)-C(54) 1.599(4) 
C(8)-C(ll) 1.528(3) C(51)-C(52') 1.637(4) 
C(9>C(10) 1.372(3) C(61)-C(62) 1-465(3) 
C(ll)-C(12) 1.485(4) C(62)-C(63) 1-511(3) 
C(ll)-C(13) 1.522(3) C(63)-C(64) 1.477(3) 
C(ll)-C(14) 1.527(3) C(71)-C(72) 1.489(3) 
C(21>C(24) 1.554(4) C(72)-C(73) 1.445(5) 
C(22)-C(24) 1.504(3) C(73)-C(74) 1.495(3) 
C(23)-C(24) 1.559(2) C(81)-C(82) 1.503(4) 
C(24>C(25) 1.539(2) C(82)-C(83) 1.471(4) 
C(25)-C(3Q) 1.411(2) C(83)-C(84) 1.498(4) 
N(2VYb(lVN(3) 88.32(5) N(2VC(26)-C(27) 117.12(16) 
N � - Y b � - N � 107.38(5) N(2)-C(26)-C(25) 124.75(13) 
NOVYbdVNd) 161.91(5) C(27VC(26)-C(25) 118.12(14) 
N(2)-Yb(l)-Q(l) 98.56(5) C(28)-C(27)-C(26) 124.52(19) 
N(3VYbnV0(n 84.44(5) C(27)-C(28)-C(29) 116.27(16) 
NdVYbdVQd) 84.37(5) a27VC(28)-C(31) 123.6(2) 
N(2VYb(lVO(2) 86.45(5) C(29>C(28)-C(31) 120.10(18) 
N(3VYb(l)-0(2) 97.46(5) C(3Q)-C(29VC(28) 120.88(19) 
N(lVYb(l)-0(2) 92.54(5) C(29K:(30)-C(25) 124.3(2) 
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0(l)-Yb(l)-0(2) 174.71(5) C(32)-a31)-C(33) 1 1 0 . 5 ( 2 ) — 
N(2VYb(lVO(3) 159.42(4) C ( 3 2 V a 3 i m 3 4 ) 104.2(3) 
N(3VYb(l)-0(3) 84.38(5) C(33VCr31Va34) 108.9(2) 
N(l)-Yb(l)-Q(3) 83.59(5) C(32)-C(31)-C(28) 109.7(2) 
0(l)-Yb(lV0(3) 99.85(5) C(33>C(31)-C(28) 111.05(19) 
Q(2)-Yb(l>0(3) 75.49(5) C(34VC(31VC(28) 112.32(18) 
C(61)-0(l)-C(64) 109.34(11) C(41>C(44)-C(42) 109.0(2) 
C(61V0(l>Yb(l) 128.68(9) C(41>C(44)-C(45) 111.35(18) 
C(64VO(l)-Yb(l) 121.72(10) C(42)-C(44)-C(45) 110.31(14) 
C(71VO(2)-C(74) 109.12(13) C(41)-C(44)-C(43) 105.80(14) 
C(71)-0(2)-Yb(l) 124.81(11) C(42VC(44)-C(43) 111.18(17) 
C(74)-0(2VYb(l) 124.46(11) C(45)-C(44)-C(43) 109.14(17) | 
C(81>0(3)-C(84) 109.07(16) C(5Q)-C(45)-C(46) 116.89(17) If 
gS lVOOVYbd) 130.99(10) C(5QVC(45VC(44) 119.88(16) ！ 
C(84)-Q(3VYb(l) 119.85(13) C(46)-C(45)-C(44) 123.04(14) Ih 
C(6VN(1)-Yb(l) 134.67(11) N(3>C(46)-C(47) 117.40(14) li 
C(26VN(2VYb(l) 137.79(10) N(3)-C(46)-C(45) 125.34(15) 
C(46VN(3)-Yb(l) 143.33(11) C(47>C(46)-C(45) 117.25(13) |丨 
C(5)-C(4)-C(2) 110.99(18) C(48Va47)-C(46) 124.85(16) ！; 
Cffl-C � - C ( l ) 110.76(18) C(49VC(48)-C(47) 116.85(19) I 
C � - C ( 4 ) - C ( l ) 106.92(15) €(49)-€(48)-€(51) 119.91(16) 
C(5)-C(4)-C(3) 110.00(15) C(47VC(48)-C(51) 123.23(17) 丨 y 
C(2)-C(4)-C(3) 109.91(18) C(48)-C(49)-C(50) 121.06(17) 
C(1>C(4)-C(3) 108.2(2) C(45VC(50)-C(49) 123.08(19) t" 
C(lQVa5VC(6) 118.14(17) C(53'VC(51)-C(52) 45.3(3) | 
a iQVa5VC(4) 120.01(15) C(53')-C(51)-C(48) 104.5(3) J； 
C(6)-C(5)-C(4) 121.85(15) €(52)-0(51)-€(48) 116.5(3) I 
N(l)-C(6)-C(5) 127.51(16) 0(53')-€(51)-0(53) 66.1(3) 
N(l)-C(6)-C(7) 116.92(14) a52Va51)-C(53) 102.0(3) 
C(5)-C(6)-C(7) 115.57(14) C(48VC(51 VC(53) 111.8(2) 
C(8)-C(7)-C(6) 125.46( 15) Cr53'VC(51 VC(54) 146.1 (4) 
C(7)-C(8)-C(9) 116.96(18) 0(52 VC(51)-C(54) 124.3(3) 
C(7VC(8VC(11) 122.48(16) C(48VC(51)-C(54) 107.38(18) 
C(9)-C(8)-C( 11) 120.51(16) C(53>C(51 )-C(54) 91.2(3) 
C( lQVa9)-a8) 119.69(17) C(53'VC(51)-C(52') 92.0(3) 
C(9VC(1Q)-C(5) 124.12(17) C(52)-C(51)-C(52') 46.7(3) 
a i 2 v a i i v a i 3 ) 108.0(2) C(48)-C(51)-C(52’） 108.4(2) 
C(12)-C(ll)-C(14) 111.4(3) C(53)-C(51)-C(52') 137.8(3) 
C(13)-C(11VC(14) 102.0(2) C(54)-C(51)-C(52') 88.8(2) 
C(12)-C(ll)-C(8) 113.03(19) 0(1)-C(61)-C(62) 106.90(18) 
a i3VC(l lVC(8) 109.2(2) C(61)-C(62)-C(63) 103.86(16) 
a i4VCfl lVC(8) 112.51(16) C(64)-C(63)-C(62) 105.15(17) 
C(22VC(24)-C(25) 109.72(15) 0(1)-C(64VC(63) 105.83(17) 
a22VC(24VC(21) 105.25(17) 0(2VC(71)-C(72) 107.1(2) 
a25Va24)-C(21) 111.93(16) C(73)-C(72)-C(71) 105.2(2) 
C(22)-C(24yC(23) 111.09(16) C(72>C(73)-C(74) 106.2(2) 
C(25)-C(24)-C(23) 110.91(15) 0(2)-C(74)-C(73) 105.08(18) 
a21)-C(24)-Ca3) 107.81(16) 0(3>C(81)-C(82) 107.88(17) 
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C(3Q)-C(25)-C(26) 115.67(15) C(83)-C(82VC(81) 104.1(2) 
C(3Q)-C(25)-C(24) 120.87(19) C(82)-C(83)-C(84) 105.1(2) 







！：' h I'. 
L 
. I ： 丨、丨 
丨、 
！'. 




Table 3-2. Bond Distances (A) and Bond Angles (。）for Yb(NHQH2®U3-2,4,6)3(//-
0Me)K(THF)2 (11) 
Yb � - 0 ( 1 ) 2.085(6) C(27)-C(29) 1.524(2) 
Yb(l)-N(2) 2.158(8) C(27)-C(28) 1.556(1) 
Yb(l>N(3) 2.189(7) C(27)-C(3Q) 1.562(1) 
Yb(l)-N(l) 2.226(7) C(31)-C(34) 1.529(2) 
Yb(l>K(l) 4.076(3) C(31)-C(32') 1.50(2) 
K � - 0 ( 2 ) 2.646(8) C(31)-C(33) 1.53(2) 
K(l)-0(3) 2.806(2) C(31)-C(33') 1.560(2) t 
K(1>Q(1) 2.857(7) C(31)-C(32) 1.567(2) ：^ 
K(1>C(1) 3.032(9) C(31)-C(34') 1.58(3) || 
K(1>C(2) 3.187(9) C(35>C(37) 1.529(1) 
K(l)-C(3) 3.287(1) C(35)-C(38) 1-555(1) I: 
K � - C ( 6 ) 3.297(9) C(35)-C(36) 1.562(1) ’ i 
K(l)-C(5) 3.379(1) C(41)-C(42) 1.423(1) h 
K(1>C(4) 3.408(1) C(41>C(46) 1.440(1) I； 
N(1>C(1) 1.412(1) C(42)-C(43) 1.411(1) I 
N(2)-C(21) 1.398(1) C(42)-C(47) 1 . 5 2 4 � | 
N(3>C(41) 1.411(1) C(43)-C(44) 1 . 3 8 0 � iy 
C(l)-C(2) 1.423(1) C(44)-C(45) 1-376(1) 
C(l)-C(6) 1.438(1) C(44)-C(51) 1.550(1) i" 
C(2)-C(3) 1.389(1) C(45)-C(46) 1-378(1) | 
C(2>C(7) 1.534(1) C(46)-C(55) 1 . 5 4 5 � J； 
C(3)-C(4) 1.392(1) C(47)-C(49) 1.515(1) I 
C(4>C(5) 1.352(1) C(47>C(48) 1-514(1) 
C(4)-C(ll) 1.557(1) C(47)-C(50) 1-550(1) 
C(5>C(6) 1.384(1) C(51)-C(52) 1-460(2) 
C(6)-C(15) 1.541(1) C(51VC(54) 1-515(2) 
C(7>C(9) 1.521(2) C(51>C(53) 1-515(1) .. 一 
C(7>C(8) 1.546(2) C(55)-C(57) 1.523(1) 
C(7)-C(1Q) 1.566(1) C(55)-C(56) 1.527(1) 
C(ll)-C(13) 1.511(1) C(55)-C(58) 1.534(1) 
C(11>C(14) 1.514(1) C(59)-0(l) 1.429(2) 
C(ll)-C(12) 1.519(2) C(59')-0(l) 1.538(2) 
C(15)-C(17) 1.530(1) 0(2>C(61) 1.400(1) 
C(15>C(16) 1.549(1) Q(2)-C(64) 1.405(1) 
C(15>C(18) 1.556(1) C(61)-C(62) 1.474(1) 
C(21)-C(26) 1.424(1) C(62)-C(63) 1-498(1) 
C(21)-C(22) 1.443(1) C(63VC(64) 1.488(1) 
C(22)-C(23) 1.354(1) Q(3>C(65) 1.389(1) 
C(22)-C(27) 1.545(1) 0(3)-C(68) 1 . 4 0 4 � 
C(23)-C(24) 1.391(1) C(65)-C(66') 1.498(2) 
C(24)-C(25) 1.365(1) C(65)-C(66) 1.531(2) 
C(24)-C(31) 1.561(2) C(66>C(67) 1.53(2) 
"C^5)-C(26) 1.388(1) C(66F)-C(67) 1 . 5 1 ( 2 ) — 
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"C(26>C(35) 1.563(1) C(67)-C(68) 1.481 � 
0(l)-Yb(l>N(2) 115.0(3) C(16)-C(15)-C(18) 105.7(9) 
0(l>Yb(l)-N(3) 127.7(3) N(2)-C(21)-C(26) 122.0(8) 
N(2)-Yb( 1 )-N(3) 105.4(3) N(2)-C(21 )-C(22) 122.2(8) 
0( 1 VYb( 1 )-N( 1) 99.0(3) C(26)-C(21 )-C(22) 115.8(8) �N(2)-Yb(l)-N(l) 99.0(3) C(23)-C(22)-C(21) 119.9(9) 
N(3>Yb(l)-N(l) 106.1(3) C(23)-C(22)-C(27) 119.1(9) 
0(1)-Yb(l)-K(l) 41.2(2) C(21)-C(22)-C(27) 120.9(9) 
N(2VYb(lVK(l) 107.0(2) C(22)-C(23)-C(24) 124.5(9) 
N(3)-Yb(l)-K(l) 146.2(2) C(25)-C(24)-C(23) 115.9(9) 
N(l)-Yb(l)-K(l) 59.70(19) C(25)-C(24)-C(31) 120.4(10) 
0(2)-K(l)-0(3) 81.9(5) C(23)-C(24)-C(31) 123.6(10) 
Q(2>K(1)-Q(1) 115.9(3) C(24>C(25)-C(26) 123.5(9) 丨 
0(3>K(1>Q(1) 113.5(5) C(25>C(26)-C(21) 120.4(8) 丨 
0(2)-K(l)-C(l) 140.8(3) C(25)-C(26)-C(35) 117.4(8) ! 
0(3)-K(l>C(l) 124.6(5) C(21)-C(26)-C(35) 122.2(8) I 
O � - K � - C � 82.1(2) C(29)-C(27)-C(22) 113.0(10) i 
0(2)-K(l>C(2) 155.2(3) C(29)-C(27)-C(28) 107.2(9) 
0(3)-K(lVC(2) 98.9(5) Q22K:(27>C(28) 110.0(8) 
0(1>K(1)-C(2) 86.7(2) C(29)-C(27)-C(3Q) 104.9(9) 
C(1>K(1)-C(2) 26.3(2) C(22VC(27>C(3Q) 110.7(8) 
0(2>K(1)-C(3) 134.7(3) C(28)-C(27)-C(3Q) 111.0(10) 
0(3)-K � - C ( 3 ) 81.0(5) C(34VC(31>C(32') 141(2) 
O � - K � - C ( 3 ) 109.5(2) C(34>C(31)-C(33) 112(3) 
a n - K � - C � 44.7(2) C(32')-C(31)-C(33) 50(2) | 
CQVK � - c m 24.7(2) C(34)-C(31)-C(24) 107.5(18) j 
O � - K � - C ( 6 ) 116.1(3) C(32')-C(31)-C(24) 111-5(12) | 
0(3)-K(l)-C(6) 126.6(5) C(33)-C(31)-C(24) 111(2) 
Q(1>K(1)-C(6) 102.8(2) C(34)-C(31)-C(33') 59.0(18) 
CaVK( lVa6) 25.8(2) C(32'>C(31)-C(33') 103.5(14) 
C m - K � - a 6 ) 44.4(2) C(33)-C(31)-C(33') 56(2) 
C(3)-K(l)-C(6) 49.8(2) C(24)-C(31>C(33') 110.1(13) 
0(2VKrn-a5) 106.2(3) C(34)-C(~31)-C(32) 96(2) 
0(3VKflVC(5) 105.3(5) C(32>C(31)-C(32) 72.0(19) 
0(1)-K(1)-C(5) 125.3(2) C(33)-C(31)-C(32) 117(3) 
a i V K � - a 5 ) 43.7(2) C(24>C(31)-C(32) 112.2(18) 
C � - K � - c m 49.5(2) C(33')-C(31>C(32) 136(2) 
C(3VK(1VC(5) 40.9(2) C(34)-C(31)-C(34') 55.3(17) 
a 6 V K � - c m 23.9(2) C(32')-C(31)-C(34') 113.0(16) 
0(2)-K � - C � 112.7(3) C(33)-C(31)-C(34') 141(2) 
OGVKM-C � 84.2(5) C(24)-C(31>C(34') 108.0(13) 
O � - K � - C � 129.9(2) C(33')-C(31)-C(34') 110.7(16) 
C � - K � - C � 51.8(2) C(32>C(31)-C(34') 43.4(16) 
CQVKm-Cm 43.4(2) C(37)-C(35)-C(38) 106.2(9) 
Cm-KnVC � 23.9(2) C(37)-C(35)-C(36) 112.8(8) 
A6)-KM-C � 42.5(2) C(38)-C(35)-C(36) 105.3(9) 
Cm-KnVC � 23.0(2) C(37)-C(35>C(26) 111-2(8) 
"0a)-K(l)-Yb(l) 127.4(2) C(38)-C(35)-C(26) 112.2(8) 
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W)-K( l ) -Yb( l ) 135.8(4) C(36)-C(35)-C(26) 109.0(8) 
0(l)-K(l>Yb(l) 28.71(14) N(3)-C(41)-C(42) 119.2(7) 
C( 1)-K(l)-Yb(l) 55.87( 17) N(3)-C(41 )-C(46) 122.6(7) 
C(2)-K( 1)-YB( 1) 68.29( 16) C(42)-C(41 )-C(46) 118.1(7) 
C(3)-K( 1 Y B ( 1) 93.01(15) C(43 VC(42)-C(41) 118.1(7) 
a6>K( l>Yb( l ) 74.22(15) C(43)-C(42)-C(47) 118.7(7) 
•C(5>K(1)-Yb(l) 97.41(16) C(41)-C(42)-C(47) 123.0(7) 
C(4)-K(iyYb(l) 107.26(16) C(44)-C(43)-C(42) 124.5(8) 
C(l)-N(l)-Yb(l) 142.6(6) C(45)-C(44)-C(43) 115.3(8) 
C(21)-N(2)-Yb(l) 165.7(6) C(45)-C(44>C(51) 124.6(8) 
C(41>N(3)-Yb( 1) 156.3(6) C(43)-C(44)-C(51) 120.1(9) 
N(l)-C(l)-C(2) 122.0(8) C(44)-C(45)-C(46) 125.4(8) i 
N(L)-C(L)-C(6) 120.1(8) C(45)-C(46>C(41) 118.5(8) 
C(2>C(1)-C(6) 117.9(8) C(45>C(46)-C(55) 118.7(7) \ 
N(1)-C(1>K(1) 98.2(5) C(41)-C(46)-C(55) 122.7(7) 
C(2)-C(l)-K(l) 82.9(5) C(49>C(47)-C(48) 111.7(9) I 
C(6)-C(1VK(1) 87.4(5) C(49>C(47)-C(42) 109.3(8) ； 
C(3>C(2)-C(1) 118.4(8) C(48)-C(47)-C(42) 110.9(8) 
C(3>C(2)-C(7) 118.4(8) C(49>C(47)-C(50) 106.1(9) 
C(1>C(2)-C(7) 123.0(8) C(48)-C(47)-C(50) 105.0(8) 
C(3>C(2)-K(1) 81.7(6) C(42)-C(47)-C(5Q) 113.7(7) 
C(1K：�-K(l) 70.8(5) C(52)-C(51)-C(54) 108.5(13) 
C(7VC(2)-K(1) 122.5(7) C(52>C(51)-C(53) 110.1(12) 
C � - C ( 3 ) - C ( 4 ) 123.2(9) C(54VC(51)-C(53) 107.5(11) 
C(2>C(3)-K(1) 73.6(6) C(52)-C(51VC(44) 111-4(9) ! 
A4VCGVK � 82.9(6) C(54)-C(51)-C(44) 108.7(10) 
C(5>C(4)-C(3) 116.3(8) C(53)-C(51)-C(44) 110.5(9) J 
CFFL-C � - C M ) 121.7(9) C(57)-C(55)-C(56) 110.9(9) 
a 3 V a 4 ) - C ( l l ) 122.0(9) C(57)-C(55)-C(58) 104.6(9) 
A5VC � - K � 77.3(6) C(56)-C(55)-C(58) 106.1(9) 
CM-C � - K M 73.2(6) C(57)-C(55)-C(46) 111-9(8) 
a i l V a 4 V K a ) 119.3(7) C(56)-C(55VC(46) 111-0(8) _ 
C(4yC(5yC(6) 125.5(8) C(58>C(55)-C(46) 112.0(8) 
a4VC(5VK � 79.7(6) C(61)-0(2)-C(64) 111-7(10) 
C(6^-C(5VK( I) 74.7(5) C(61 >0(2)-K( 1) 120.3(8) 
A S Y G E V A N 117. I (8) C(64>O(2)-K( I) 128.0(8) 
Cr5VCf6VC( 15) 120.6(7) 0(2)-C(61 )-C(62) 104.3(10) 
c m - a 6 v a i 5 � 122.3(7) C(61)-C(62)-C(63) 105.3(11) 
CF5VA6VKM 81.4(5) C(64VC(63)-C(62) 102.4(10) 
a i V a 6 V K m 66.7(5) 0(2>C(64)-C(63) 107.0(10) 
a i 5 V a 6 ) - K � 123.3(6) C(65)-0(3)-C(68) 112.5(17) 
c m - c m - c m 116.3(9) C(65)-O(3)-K(I) 127.8(15) 
C(9)-C(7)-C(8) 105.6(9) C(68)-0(3)-K(l) 116.9(14) 
C(2VC(7)-C(8) 107.3(9) 0(3)-C(65)-C(66') 109.7(15) 
a 9 v a 7 ) - c r i 0 ) 107.8(10) 0(3)-C(65)-C(66) 103.5(16) 
CQVCM-AIO) 111.4(8) C(66')-C(65)-C(66) 30(3) 
C(8Va7VC(lQ) 108.0(10) C(67>C(66)-C(65) 97.7(13) 
aT3)-C(llVC(14) 110.9(15) C(65VC(66')-C(67) 100.0(12) 
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" ^ ) - C ( l l ) - C ( 1 2 ) 109.2(14) C(68)-C(67)-C(66') 109 .2 (14)“ 
C(14>C(11>C(12) 104.1(13) Cf68)-C(67)-C(66) 109.5(14) 
C(13)-C(l 1VC(4) 112.3(9) C(66')-C(67)-C(66) 30(3) 
C(14>C(11>C(4) 109.0(10) Q(3)-C(68)-C(67) 102.3(14) 
C(12)-C(ll)-C � 111.1(10) Cf59)-Q(l)-C(59') 20(3) 
C(17)-C(15)-C(6) 113.7(8) C(59)-Q(l)-Yb(l) 155.6(15) 
C(17)-C(15)-C(16) 109.8(8) C(59'>0(l)-Yb(l) 163.0(19) 
C(6>C(15>C(16) 110.5(8) C(59)-0(1)-K(l) 93.5(14) 
C(17>C(15)-C(18) 105.6(9) C(59>Q(1)-K(1) 83.3(18) 
"C^)-C(15)-C(18) 111.1(8) Yb(l)-0(1)-K(l) 110.1(3) 
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3.2 Synthesis and Structural Characterization of YbCNHCsHjiPr:-
2,6)2( / / .NHQH3Tr2-2 ,6)2Na(THF) 
: Treatment of YbClj with 4 equiv of NaNHC6H3Tr2-2,6 (2) in THF at reflux 
temperature gave Yb(NHC6H3i>r2-2，6)2(//-NHC6H3Tr2-2,6)2Na(THF) (9) in 67% 
yield (Eq. 3-3), which is more soluble in hexane than compound 8. ! 
THF 
YbCl3 + 4NaNHC6H3'Pr2-2,6 • 丨 
• i 
i Yb_C6H3i>iv2,6)2(/^-NHC6H3’r2-2,6)2Na(THF) + 3NaCl (3-3) | 
9 ‘ 丨 
Compound 9 was fully characterized by IR, ^H and ^^ C NMR, elemental 
analyses, and X-ray analyses. The solid-state structure of compound 9 is shown in ! 
Figure 3-3. Bond distances and bond angles are given in Table 3-3. The Yb(in) atom | 
is surrounded by two terminals and two bridging arylanilino ligands in a distorted-
tetrahedral geometry. The bridging arylanilino ligands are asymmetrically located 
between Yb^ ^ ion and Na+ ion, close to the Yb^^  ion, but distant to the Na+ ion. The N 
atom of //-NHC6H3Tr2-2,6 group is 2.252(2)入 away from the Yb^' ion and 2.496(2) 
A from the Na+ ion. The bridging Yb-N distances of 2.252(2) and 2.496(2) A are 
longer than the terminal Yb-N distances of 2.162(2) - 2.164(2) A as expected. The 
average terminal Yb-N distance of 2.163(2) A is comparable to the average Yb-N 
distance of 2.212(9) A in [Yb(NPh2)4][Li(THF)J.34 The (//-N)-Yb-(//-N) angle of 
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94.42(7)� i s smaller than the N(terminal)-Yb-N(terminal) angle of 121.04(7)。， 
probably due to the bridging unit Yb(//-NHC6H3Tr2-2,6)2Na that forces the O-N)-
• Yb-(//-N) angle to be smaller. 
C(40) C{54} 
‘ f 。 ⑵ 丨 
： 
0(28) CI27) C(33 丨 




Table 3-3. Bond Distances (A) and Bond Angles (。）for Yb(NHC6H3iPr2-2，6)2(//-
NHC 贴 r2-2,6)2Na(THF) (9) 
I W 1 ) - N ( 2 ) 2.162(2) C(27)-C(28') 1.339(4) 
Yb(l>N(3) 2.164(2) C(28)-C(29) 1.354(4) 
Yb(l)-N(l) 2.252(2) C(28')-C(29') 1.370(3) 
Yb(l)-N(4) 2.282(2) C(29)-C(30) 1.364(4) 
Yb(l)-Na(l) 3.378(1) C(29')-C(30') 1.403(4) 
Yb(l')-N(2') 2.168(2) C(3Q)-C(34) 1.526(4) , 
Yb(r>N(3') 2.177(2) C(30')-C(34') 1.482(3) -
Yb(l')-N(4') 2.219(2) C(3r)-C(33') 1.466(5) i. 
Yb(l,)-N(r) 2.232(2) C(31,)-C(32,) 1.507(4) : 
Yb(r)-Na(l') 3.478(1) C(31)-C(33) 1.495(4) ： 
N(1>C(1) 1.423(3) C(31)-C(32) 1.497(4) i； 
N(l>Na(l) 2.496(2) C(34)-C(36) 1.479(4) |‘ 
N(r)-C(l') 1.415(3) C(34)-C(35) 1.499(4) | 
N(r)-Na(r) 2.461(3) C(34>C(35') 1.519(3) i 
N(2>C(13) 1.416(3) C(34')-C(36') 1.543(4) 
N(2')-C(13') 1.398(3) C(37)-C(42) 1.407(3) 
N(3')-C(25') 1.393(3) C(37)-C(38) 1.409(3) 
N(3)-C(25) 1.394(3) C(37>C(42') 1.401(3) 
N(4)-C(37) 1.402(3) C(37)-C(38') 1.421(3) 
N(4)-Na(l) 2.466(2) C(37)-Na(r) 2.627(2) 
N(4')-C(37') 1.372(3) C(38')-C(39') 1.363(4) 
N(4')-Na(r) 2.786(2) C(38>C(43') 1.525(3) i 
C(l)-C(6) 1.400(3) C(39)-C(38) 1.384(4) — 
C(l)-C(2) 1.416(3) C(39)-C(40) 1.387(3) 
C(l’)-C(6’) 1.405(4) C(39')-C(4Q') 1.392(4) 
C(N-C(2，) 1.416(3) C(4Q)-C(41) 1.365(3) 
C(r)-Na(r) 3.084(3) C(40')-C(41') 1.353(4) 
C(2>C(3) 1.389(4) C(41)-C(42) 1.388(4) 
C(2)-C(7) 1.512(3) C(41，)-C(42') 1.387(4) 
C(2')-C(3') 1.385(5) C(42>C(46) 1.513(3) 
C(2’)-C(7’) 1.536(5) C(42'>C(46') 1.504(3) 
C(3)-C(4) 1.357(4) C(42')-Na(r) 2.751(3) 
C(3>C(4') 1.378(6) G(38>C(43) 1.506(3) 
C(4>C(5) 1.380(4) C(43)-C(45) 1.515(3) 
C(4')-C(5') 1.378(4) C(43)-C(44) 1.533(3) 
C(5)-C(6) 1.384(4) C(43'>C(45') 1.523(3) 
C(5')-C(6') 1.377(4) C(43')-C(44') 1.531(4) 
C(6)-C(10) 1.507(4) C(46)-C(47) 1.481(4) 
C(6')-C(1Q') 1.505(3) C(46)-C(48) 1.492(4) 
C(7>C(8) 1.509(4) C(46’)-C(48’) 1.473(4) 
C(7)-C(9) 1.542(4) C(46')-C(47') 1.520(3) 
C(7')-C(9') 1.481(6) 0(1)-C(54) 1.393(5) 
C(R)-C(8') I 1.510(8) 0(1)-C(51) 1.410(6) 
40 
^ 
"C^)-C(8A) 1.540(9) O(l)-Naa) 2.230(3) 
C(10>C(11) 1.528(3) C(51>C(52) 1.443(6) 
C(10>C(12) 1.545(4) C(52)-C(53) 1.450(5) 
C(10 丨)-C(ir) 1.507(4) C(53)-C(52A) 1.402(6) 
C(10’)-C(12’) 1.536(4) C(53)-C(54A) 1.440(5) 
.a i2)-Na(l) 3.073(3) C(53)-C(54) 1.465(4) 
C(12>Na(r) 2.963(4) 0(1A)-C(51A) 1.380(5) 
C(13>C(18) 1.411(3) 0(1A)-C(54A) 1.399(5) 
C(13')-C(18') 1.404(3) Q(1A)-Na(l) 2.255(3) 
C(13'>C(14') 1.413(3) C(51A)-C(52A) 1.433(6) 
C(14)-C(15) 1.387(4) 0(1’)-C(54，) 1.390(6) 
ai4)-C(19) 1.516(3) 0(1>C(51') 1.402(5) ‘ 
C(14>C(15') 1.365(4) 0(1')-C(54B) 1.415(5) I 
C(14')-C(19') 1.510(3) 0(R)-C(51B) 1.430(5) 
C(15>C(16) 1.361(3) 0(r)-Na(r) 2.194(2) |: 
C(15')-C(16') 1.362(3) C(51’)-C(52’) 1.421(7) 丨 
C(16>C(17) 1.373(4) C(52'>C(53') 1-351(8) | 
C(16')-C(17') 1.376(3) C(53>C(54') 1.404(5) i 
C(17)-C(18) 1.375(4) C(51B)-C(52B) 1.390(7) C 
C(17>C(18') 1.387(4) C(52B)-C(53B) 1.372(7) 
C(27)-C(28) 1.383(3) C(53B)-C(54B) 1372(5) 
N(2)-Yb(l)-N(3) 121.04(7) C(29'>C(3Q'>C(25') 118.97( 19) 
N(2>Yb(l)-N(l) 100.44(7) C(29')-C(3Q')-a34') 120.8(2) 
N(3)-Yb(l>N(l) 121.59(7) C(25^)-C(30')-C(34') 120.2(2) 
N(2)-Yb(l)-N(4) 121.66(7) C(33')-C(3r)-C(32') 106.8(3) I： 
N(3)-Yb(lVN(4) 96.04(6) a 3 3 ' v a 3 r v a 2 6 ' ) 110.3(3) 
N(l)-Yb(l>N(4) 94.42(7) €(32')-€(31>0(26') 112.2(3) j 
N(2VYb(l)-Na(l) 119.10(5) a33VC(31)-C(32) 112.2(3) ， 
N(3VYb(l)-Na(l) 119.73(6) C(33>a31)-C(26) 109,8(2) 
NdVYbdVNad) 47.65(6) C(32)-C(31VC(26) 115.2(2) 
N(4VYb(lVNa(l) 46.87(5) C(36>C(34)-C(35) 107.6(2) 
N(2'VYb(rVN(3') 124.23(7) C(36)-C(34)-C(30) 109.9(3) 
N(2')-Yb(rVN(4') 117.47(8) C(35)-C(34)-C(3Q) 114.5(2) 
N(3'VYb(r)-N(4') 97.34(7) C(30')-C(34')-C(35') 116.3(3) 
Na'VYbg'VNd') 95.33(7) C(30')-C(34')-C(36') 111.0(2) 
N(3'VYb(rVN(l') 122.92(8) C(35>a34')-C(36') 107.6(2) 
N(4’VYb(n-N(n 97.90(7) N(4)-C(37)-C(42) 119.35(17) 
N(2'VYb(rVNa(r) 113.24(5) N(4)-C(37)-C(38) 121.03(18) 
N(3'VYb(rVNa(l') 122.52(6) €(42)-€(37)-€(38) 119.5(2) 
N(4'VYb(rVNa(r) 53.13(5) N(4')-C(37')-C(42') 122.0(2) 
N(rVYb(l'VNa(r) 44.77(6) N(4')-Cn7VC(38') 119.9(2) 
C(1VN(1)-Yb(l) 133.78(13) C(42')-C(37)-C(38') 117.9(2) 
C(l)-N(l)-Na(l) 109.13(15) N(4,)-C(37,)-Nam 81.85(12) 
YbaVNdVNarn 90.54(8) C(42'>C(3T)-Na(l') 79.87( 12) 
C(r)-N(r)-Yb(r) 137.3 8( 17) C(38，)-C(37’)-Na( 1') 105.49(15) 
ARVNA'VNA(R) 102.04(16) C(39’)-A38')-A37，） 120.6(2) 
Ybd'VNd'VNad') 95.53(7) C(39>a38')-C(43') 119.8(2) 
"I5?T3)-N(2):YB � 147.39(14) C(37|)-C(38’K:(43’） 119.5(2) 
41 
^ 
"oa3>N(2')-Yb(r) 145.92(13) C(38)-C(39)-C(40) 120.4(2) 
C(25’)-N(3’)-YB(R) 145.95(13) C(38')-C(39')-C(40') 120.1(2) 
C(25)-N(3)-Yb(l) 147.55(16) C(41)-C(4Q>C(39) 119.4(3) 
C(37>N(4)-Yb(l) 132.65(15) C(41')-C(4Q')-C(39') 120.2(3) 
C(37)-N(4)-Na(l) 112.37(13) C(40>C(41 )-C(42) 122.5(2) 
yb(l)-N(4)-Na(l) 90.64(7) C(4Q')-C(4r>C(42') 121.1(3) 
'C(37)-N(4>Yb(l') 146.29(13) C(41)-C(42)-C(37) 118.17(18) 
C(37’)-N(4’)-Na(r) 68.96(11) C(41)-C(42)-C(46) 119.85(19) 
Yb( 1 ’)-N(4’)-Na( 1 ’） 87.27(6) C(37)-C(42)-C(46) 121.9(2) 
C(6>C(1)-C(2) 119.3(2) C(4r)-C(42')-C(37) 119.9(2) 
C(6)-C(1>N(1) 121.8(2) C(4R)-C(42')-C(46') 118.2(2) 
C � - C ( l ) - N ( l ) 118.9(2) C(37’)-C(42’)-C(46’） 121.4(2) � 
C(6')-C(l')-N(r) 120.31(19) C(41')-C(42')-Na(l') 108.91(17) j, 
C(6'>C(r)-C(2') 120.2(3) C(3T)-C(42')-Na(r) 70.04(13) ： 
N(r)-C(r)-C(2') 119.4(3) C(46')-C(42')-Na( 1') 98.19(15) 
C(6’)-C(l,)-Na(l,) 87.70(17) C(39)-C(38)-C(37) 119.86(19) ‘ 
N(n-C(r ) -Na(r ) 51.30(13) C(39VC(38)-C(43) 117.59(18) ； 
C(2’)-C(r)-Na(r) 129.9(2) C(37)-C(38)-C(43) 122.5(2) | 
C(3)-C � - C ( l ) 117.9(2) C(38)-C(43)-C(45) - 115.0(2) i： 
C(3)-C � - C ( 7 ) 120.6(2) C(38)-C(43)-C(44) 110.6(2) 
C � - C � - C ( 7 ) 121.5(2) C(45)-C(43)-C(44) 109.50(17) 
C(3’)-C(2’)-C(r) 118.9(3) C(45')-C(43')-C(38') 111.4(2) 
C(3’)-C(2>C(7,) 121.2(2) C(45')-C(43')-C(44') 109.73(19) 
C(r)-C(2')-C(7') 119.9(3) C(38')-C(43')-C(44') 115.0(2) :i 
C(4>C(3)-C(2) 122.3(2) C(47)-C(46)-C(48) 109.5(2) |： 
C(4’)-C(3’)-C(2’) 121.2(3) C(47)-C(46)-C(42) 111.4(2) ! 
C(3K：⑷切) 120.3(3) C(48>C(46)-C(42) 115.7(2) ；I 
C(3’)-C(4’)-C(5，) 118.9(3) C(48')-C(46')-C(42') 111.5(2) ‘ 
C(4)-C(5)-C(6) 119.6(2) C(48'>C(46')-C(47') 110.1(2) 
C(6')-C(5')-C(4') 122.8(4) C(42'>C(46')-C(47) 114.9(2) 
C(5)-C(6)-C(l) 120.6(2) C(54>0(l)-C(51) 104.7(3) 
C(5VC(6VC(1Q) 116.8(2) C(54)-0(l>Na(l) 132.3(3) 
Q1K:(6)-C(10) 122.5(2) C(51KX1)-Na(l) 122.6(3) 
C(5')-C(6>C(R) 118.0(2) 0(1)-C(51>C(52) 106.9(4) 
C(5'VC(6'VC(10') 119.6(3) C(51)-a52)-C(53) 103.7(4) 
C(VyC(&)-C(m 122.4(3) C(52AVC(53VC(54A) 103.7(3) 
C(8>C(7)-C(2) 111.6(2) C(52A)-C(53)-C(52) 21.7(3) 
C(8>C(7)-C(9) 107.4(2) C(54A)-C(53)-C(52) 109.1(3) 
C(2>C(7)-C(9) 114.3(3) C(52A)-C(53)-C(54) 104.2(3) 
C(9')-C(7')-C(8') 119.4(4) C(54A)-C(53>C(54) 30.2(3) 
C(9')-C(7)-C(2') 113.3(4) C(52)-C(53)-C(54) 98.2(3) 
C(8’)-C(7,)-C(2’) 118.0(4) 0(1)-C(54)-C(53) 109.9(4) 
C(9')-C(7'>C(8A) 90.0(4) C(51A)-0(1A)-C(54A) 102.8(3) 
C(8')-C(7')-C(8A) 46.3(5) C(51A)-0(1A)-Na(l) 124.0(2) 
C(2’)-C(7’)-C(8A) 107.1(5) C(54A)-0(1A)-Na(l) 133.2(3) 
C(6)-C(10)-C(ll) 115.2(3) Q(1A)-C(51A)-C(52A) 108.5(4) 
C(6)-C(10)-C(12) 113.5(2) C(53)-C(52A>C(51A) 107.4(4) 
"^n-aiO)-C(12) 107.2(2) Q(1A)-C(54A)-C(53) 110.0(4) 一 
42 
^ 
"C^)-C(1Q')-C(11') 113.8(3) C(54'>0(r)-C(5r) 97.8(3) 
C(6>C(1Q')-C(12') 109.5(2) C(54')-Q(r)-C(54B) 32.3(3) 
C(1 r)-C(10'VC(12') 110.3(2) C(5rVQ(rVC(54B) 109.0(3) 
C(10)-C(12)-Na(l) 81.74(16) C(54')-0(1')-C(51B) 110.2(3) 
C(10'VC(12')-Na(r) 82.42(18) C(5VyO(V)-C(5lB) 37.7(3) 
.C(14)-C(13)-C(18) 119,5(2) C(54B)-0(r)-C(51B) 100,2(3) 
""5?I^)-C(13)-N(2) 118.19(19) C(54，MXn-Na(n 128.23(19) 
C(18)-C(13)-N(2) 122.3(2) C(5r)-0(r)-Na(r) 125.2(3) 
N(2>C(13>C(18') 121.91(18) C(54B)-0(l'>Na(l') 125.8(2) 
N(2'>C(13')-C(14') 119.16(19) C(51BV0(r)-Na(l') 121.3(3) 
C(18>C(13'>C(14') 118.9(2) Q(l>C(5r>C(52') 109.9(5) 
C(15)-C(14)-C(13) 118.3(2) C(53'>C(52>C(5r) 107.9(4) 二 
C(15)-C(14)-C(19) 119.6(2) C(52')-C(53')-C(54') 102.5(5) 
C(13>C(14)-C(19) 122.1(2) _(Xr)-C(54’)-C(53’) 112.6(4) 
C(15')-C(14>C(13') 119.5(2) C(52B)-C(51B)-Q(R) 106.6(4) 
C(15>C(14>C(19') 120.99(19) C(53B>C(52B>C(51B) 97.4(5) 
C(13’)-C(14’)-C(19’） 119.4(2) C(54B)-C(53B)-C(52B) 111.0(4) 
C(16)-C(15)-C(14) 122.7(3) a53B)-C(54B)-0(l') 105.7(4) |丨 
C(16')-C(15')-C(14') - 121.9(2) 0(r)-Na(r)-N(r) 110.03(7) t 
C(15)-C(16)-C(17) 118.7(3) 0(rVNa( D-CQT) 135.82(10) 丨: 
casrciwycim 119.2(3) mrmv)-c(37') 106.03(8) 丨 
C(16)-C(17)-C(18) 121.6(2) 0(r>Na(r)-C(42') 111.51(9) |i 
Cn6，)-C(17,)-C(18,) 121.4(2) N(r)-Na(r)-C(42') 109.02(9) j； 
Ca7)-C(18>C(13) I 119.3(2) C(37)-Na(r)-C(42') 30.09(7) |1 
C(17)-C(18)-C(22) 119.7(2) 0(r>Na(r)-N(4') 163.48(10) ‘ 
C(13)-C(18)-C(22) 121.0(2) N(r)-Na(r)-N(4’) 79.28(7) 
C(17>C(18')-C(13') 118.85(19) C(37>Na(r)-N(4') 29.19(7) |t 
C( 17’)-C( 18')-C(22') 120.4(2) C(42)-Na( 1 ')-N(4') 51.97(7) ‘ 
C(13')-C(18>C(22') 120.7(2) 0(r)-Na(r)-C(12') 98.53(9) 
a20Vai9)-C(14) 108.8(2) N( l>Na( l ' ) -a i2 ' ) 89.27(9) 
a20Vai9)-C(21) 110.0(2) C(3r)-Na(rVC(12') 106.69(8) 
a i 4 V a i 9 V a 2 1 ) 114.6(2) C(42’)-Na(n-C(12，） 135.50(7) 
C(2r)-C(19')-.C(14') 113.8(2) N(4>Na(l')-C(12') 95.13(7) 
a 2 r v c a 9 ' ) - c ( 2 0 ' ) 106.2(2) Q(r>Na(r ) -c( r ) 93.29(8) 
ai4'VC(19')-C(20') 115.9(3) N(r>Na(r )•€(!') 26.66(7) 
C(24VC(22)-C(23) 107.9(2) C(37')-Na( !')-€( 1') 128.90(8) 
C(24VC(22)-C(18) 111.0(2) C(42,)-Na(r)-C(T) 135.61(9) 
C(23VC(22)-C(18) 115.4(3) N(4>Na(l'>C(r) 99.97(7) 
C(23')-C(22')-C(24') 107.8(2) C( 12')-Na( 1 1') 70.81(8) 
C(23'Va22')-C(18') 111.1(2) Q(r)-Na(rVYb(r) 147.53(7) 
C(24>C(22'VC(18^) 115.2(2) N(r)-Na(l')-Yb(r) 39.69(4) 
N(3VC(25)-C(26) 119.60(17) a37,)-Na(r)-Yb(r) 67.06(6) 
N(3)-C(25>C(30) 121.8(2) C(42’)-Na( 1 ’)- Yb( 1，） 78.84(6) 
C(26yC(25)-C(30) 118.6(2) N(4')-Na(rVYb(r) 39.59(5) 
N(3'Va25')-C(26') 123.9(2) C(12')-Na(r)-Yb(r) 93.26(7) 
N(3'VC(25')-C(30') 117.66(18) QD-Nad'VYbd') 62.28(5) 
C(26')-C(25')-C(30') 118.4(2) Q(l)-Na(l)-0(1A) 13.94(10) 
"^7)-C(26)-C(25) 120.51(19) | (Xl)-Na(l)-N(4) 163.53(12) 
4 3 
^ 
"^7>C(26)-C(31) 118.2(2) Q(lA)-Na(lVN(4) 163.61(11) 
C(25>C(26)-C(31) 121.3(2) 0(l>Na(l>N(l) 112.24(11) 
C(27')-C(26')-C(25') 119.2(2) Q(lA)-Na(l>N(l) 105.71(9) 
C(27)-C(26')-C(31 ’） 122.3(2) N(4)-Na( 1 )-N( 1) 84.22(7) 
C(25')-C(26')-C(3 r ) 118.5(3) 0(1 )-Na( 1 )-C(12) 83.97(11) 
.C(28>C(27)-C(26) 119.2(3) 0(1 A)-Na � - C ( 1 2 ) 95.86(10) 
• C(28')-C(27)-C(26') 122.5(2) N(4)-Na(l)-C(12) 97.71(8) 
C(29)-C(28)-C(27) 120.7(3) N(l)-Na(l)-C(12) 86.80(8) 
C(27)-C(28')-C(29') 120.5(3) 0(1)-Na(l)-Yb(l) 153.93(10) 
C(28)-C(29)-C(3Q) 122.5(2) 0(lAVNa(l)-Yb(l) 144.87(8) 
C(28’)-C(29’)-C(30’） 120.4(2) N(4)-Na( 1 )-Yb( 1) 42.48(5) ’ 
C(29)-C(30)-C(25) 118.3(2) N(l>Na(l)-Yb(l) 41.82(5) : 
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3.3 Synthesis and Structural Characterization of 
Yb(Cp，，)(NHAr)2(L) 
:: Reaction of Yb(NHC6H3i^ r2-2，6)3(THF)2 (8) with one equiv of Cp"H in the 
presence of 2 equiv of pyridine in hexane gave a complex Cp"Yb(NHC6H3Tr2,-
2,6)2(py)2 (12) in 78% yield (Eq. 3-4). It is soluble in hexane and can be readily 
recrystallized from a hexane solution. 丨, 
！广 j . 
Yb(NHC6H3'Pr2-2,6)3(THF)2 + Cp"H + 2 py — ~ • A 1： 
11 
‘“丨’ ‘i 
Cp"Yb(NHC6H3H-2,6)2(py)2 + NH2C6H3'Pr2-2,6 (3-4) : 
12 : u； 
i -i丨 1 u i I 
i M 
• .1 Compound 12 was fully characterized by various spectroscopic data, 
elemental analyses, and X-ray analyses. The solid-state structure of compound 12 is 
shown in Figure 3-4. Bond distances and bond angles are given in Table 3-4. The 
structure of Cp，，Yb(NHC6H3iPr2-2,6)2(py)2 (12) adopts an approximately trigonal-
bipyramidal geometry with two pyridines and one cyclopentadienyl ligand in the 
equatorial positions. Two arylamido ligands are in the axial positions so that the 
steric hindrance between arylamido ligands and cyclopentadienyl group can be 
minimized. The cent-Yb distance is 2.388 A and the cent-Y distance is 2.391 A in 
(C5Me4Et)2YN(SiMe3)2严 The 0.003 A difference in the above distances is 
comparable to the 0.035 A difference in Shannon's ionic radii of seven-coordinate 
4 5 
i 
Y3+ (0.96 A) and W (0.925 A).'"' The average Yb-N(arylamido) distance is 2.267(7) 
A and the Y-N distance is 2.276(3) A in (QMeqElOsYlSKSiMes)�.” The 0.009 A 
-difference in the above distances is also comparable to the 0.035 A difference in 
Shannon's ionic radii of seven-coordinate Y^ "" and Yb^ .^^ "^  The average Yb-




2.561(5) A in (py)3Yb(S-2-NC5H4)2.^ -^ The 0.102 A difference in the above distances 
；I,‘ ‘ 
is comparable to the 0.155 A difference in Shannon's ionic radii of seven-coordinate 
I 
Yb2+ (1.08 A) and Yb'" (0.925 A).''' ‘ 
• I 
:i 
•‘ I I � 
1’： 
j ! 
CIS) e r a ^ 想 抖 l l 
S c . . ' ' 
C(37 丨 
ens 丨 感c(211 
Figure 3-4. Molecular structure of Cp，，Yb(NHC6H3Tr2-2,6)2(py)2 (12) 
4 6 
^ 
Yb(NHC6H3它U2-2,5)3(THF)3 (10) reacted with 1 equiv of Cp”H in hexane to 
give a complex Cp”Yb(NHC6H3®iv2,5)2(THF) (19) in 74% yield (Eq. 3-5), It is 
•highly soluble in hexane and can be readily recrystallized from a hexane solution at -
30�C. 
hexane 
Y b _ C 6 H 3 它 U2-2，5)3(THF)3 + Cp"H ^ ， 二 
CP”YB(NHC6H3它U2-2，5)2(THF)+ NH2C6H3'BU2-2,5 (3-5) K 
19 
I, i Compound 19 was fully characterized by IR, ^H and ^^ C NMR, elemental | 
‘ I 
analyses and X-ray analyses. Its molecular structure is shown in Figure 3-5. Bond 
I: i 
.丨> 
distances and bond angles are given in Table 3-5. The Yb^" ion is //^-bound to one I" 
：！ 
Ih 
cyclopentadienyl ring, cr-boimd to two arylamido ligands and coordinated to one 
iili . iff THF in a distorted-tetrahedral geometry. The cent-Yb distance is 2.305 A in 19 and , 
2.388 A in 12. The 0.083 A difference in the above distances is comparable to the 
0.057 A difference in Shannon's ionic radii of seven-coordinate Yb^^ (0.925 A) and 
six-coordinate Yb�.（0.868 A).^ '^  The average C-Yb distance is 2.601(9) A in 19, 
whereas the average Sm-C distance is 2.762(1) A in (C5Me5)Sm(OC6H3它iV 
2，6)2(THF).3-8 The 0.161 A difference in the above distances is comparable to the 
0.09 A difference in Shannon's ionic radii of six-coordinate Sm^^  (0.958 A) and Yb^ ^ 
(0.868 A). The Yb-0 distance is 2.291(6) A, which is also comparable to the Sm-
O(THF) distance of 2.435(7) A in The Yb-N 
4 7 
^ 
distance is 2.161(8) A in 19 and 2.267(7) A in 12. The 0.106 A difference in the 
above distances is comparable to the 0.057 A difference in Shannon's ionic radii of 
-seven-coordinate Yb]* (0.925 A) and six-coordinate Yb^ ^ (0.868 A). 
C24 ^ p 
C38 
Figure 3-5. Molecular structure of Cp”Yb(NHC6H3TBu2-2,5)2(THF) (19) 
4 8 
^ 
Table 3-4. Bond Distances (A) and Bond Angles (。）for Cp"Yb(NHC6H3Tr2-
2,6Mpy)2 (12) 
"WlVN(l) 2.262(7) C(6)-C(10) 1.561(2) 
Yb(l)-N(2) 2.272(7) C(7)-C(9) 1.48(2) 
Yb(l)-N(4) 2.446(7) C(7>C(8) 1.54 � 
Yb(l>N(3) 2.471(8) C(10)-C(12) 1.521(2) 
Yb(l)-C(27) 2.592(1) C(10>C(11) 1.571(2) 
Yb(l)-C(28) 2.632(1) C(13>C(14) 1.378(1) � 
Yb(l)-C(26) 2.651(9) C(13)-C(18) 1.406(1) :� 
Yb(l)-C(25) 2.726(9) C(14)-C(15) 1.425(2) 
Yb(l)-C(29) 2.746(9) C(14>C(19) 1.522(2) 
Si(l)-C(30) 1.828(1) C(15>C(16) 1.367(2) 
Si(l>C(31) 1.835(2) C(16>C(17) 1.363(2) 
Si(l)-C(32) 1.863(2) C(17)-C(18) 1.407(2) 
Si(l)-C(26) 1.873(1) C(18)-C(22) 1.498(1) ； 
Si(2)-C(35) 1.799(2) C(19>C(2Q) 1.476(2) 
Si(2)-C(34) 1.813(2) C(19)-C(21) 1.559(2) ； 
Si(2)-C(33) 1.872(2) C(22)-C(24) 1.514(2) ：丨 
Si(2)-C(29) 1.901(1) C(22)-C(23) 1.560(2) :� 
N(l)-C(l) 1.382(1) C(25)-C(26) 1.400(1) 
N(2)-C(13) 1.369(1) C(25)-C(29) 1.406(1) t 
N(3)-C(36) 1.323(1) C(26>C(27) 1.442(1) ；^ 
N(3>C(40) 1.351(2) C(27)-C(28) 1.373(1) Y 
N(4)-C(41) 1.303(2) C(28>C(29) 1.401(1) % 
N(4)-C(45) 1.351(1) C(36)-C(37) 1.416(2) “ 
C(l)-C(6) 1.385(1) C(37>C(38) 1.34(2) 
C(l)-C(2) 1.406(2) C(38)-C(39) 1.39(2) 
C(2)-C(3) 1.386(2) C(39)-C(4Q) 1.340(2) 
C(2)-C(7) 1.506(2) C(41)-C(42) 1.384(2) 
C(3)-C(4) 1.323(2) C(42)-C(43) 1.406(2) 
C(4)-C(5) 1.413(2) C(43)-C(44) 1.342(2) 
C(5>C(6) 1.404(1) C(44)-C(45) 1.391(2) 
N(l)-Yb(l)-N(2) 151.7(3) C(4)-C(3)-C(2) 121.8(13) 
N � - Y b � - N ( 4 ) 85.5(3) C(3)-C(4)-C(5) 119.5(10) 
N(2)-Yb(l)~N(4) 85.0(3) C(6)-G(5)-C(4) 119.3(11) 
N(l>Yb(l)-N(3) 82.7(3) C(1K(6)-C(5) 121.2(10) 
N(2>Yb(l)-N(3) 86.2(3) C(1)-C(6)-C(1Q) 120.9(8) 
N(4)-Yb(l)-N(3) 137.0(3) C(5>C(6)-C(1Q) 117.9(10) 
N(l)-Yb(l>C(27) 79.7(3) C(9)-C(7)-C(2) 115.5(13) 
N(2)-Yb(l)-C(27) 127.2(3) C(9)-C(7)-C(8) 111.7(16) 
N(4)-Yb(l)-C(27) 124.1(3) C(2)-C(7)-C(8) 116.8(11) 
N(3)-Yb(l)-C(27) 94.1(3) C(12)-C(1Q)-C(6) 112.1(10) 
N(lVYb(l)-C(28) 81.0(3) C(12)-C(1Q)-C(11) 114.4(12) 
N(2>Yb(l)-C(28) 126.3(3) C(6)-C(10)-C(ll) 107.7(11) 
1^4)-Yba>C(28) 94.2(3) N(2)-C(13)-C(14) 116.3(9) 
49 
^ 
N(3)-YB � - C ( 2 8 ) 124.2(3) N(2)-C(13)-C(18) 123.4(8) 
C(27)-Yb( 1 )-C(28) 30.5(3) C( 14)-C( 13)-C( 18) 12Q.2( 1Q) 
N(l)-Yb � - C ( 2 6 ) 108.5(3) C(13Vai4)-C(15) 119.0(11) 
N(2)-Yb(l)-C(26) 96.1(3) C(13VC(14)-C(19) 129.4(12) 
N(4)-Yb(l)-C(26) 138.1(3) C(15VC(14)-C(19) 111.6(10) 
N(3)-Yb(l)-C(26) 84.6(3) C(16)-C(15)-C(14) 120.8(10) 
•C(27)-Yb( 1 )-C(26) 31.9(3) C(17)-C( 16)-C( 15) 119.7(11) 
C(28)-Yb(l)-C(26) 52.0(3) C(16>C(17>C(18) 121.6(11) 
N(l)-Yb(l>C(25) 127.5(3) C(13>C(18)-C(17) 118.5(9) 
N(2)-Yb(l)-C(25) 80.7(3) C(13)-C(18)-C(22) 122.0(9) 
N(4)-Yb(l)-C(25) 110.7(3) C(17)-C(18)-C(22) 119.4(9) � 
N(3>Yb(l)-C(25) 109.2(3) C(2Q)-C(19)-C(14) 120.0(14) 
C(27)-Yb(l)-C(25) 49.3(3) C(2Q)-C(19)-C(21) 112.7(12) ：,： 
C(28)-Yb(l)-C(25) 49.4(3) C(14)-C(19)-C(21) 109.9(11) 丨 
C(26)-Yb( 1 )-C(25) 30.1(3) C(18>C(22)-C(24) 110.4(9) 
N( 1 )-Yb( 1 >C(29) 109.6(3) C( 18)-C(22)-C(23) 110.1(10) 
N(2>Yb(l>C(29) 96.5(3) C(24>C(22)-C(23) 111.3(10) 
N(4>Yb(l)-C(29) 87.2(3) C(26>C(25)-C(29) 111.8(9) 
N(3)-Yb(l)-C(29) 135.6(3) C(26)-C(25)-Yb(l) 71.9(5) ‘ 
C(27)-Yb(l)-C(29) 49.7(3) C(29>C(25)^Yb(l) 75.9(5) 
C(28)-Yb(l)-C(29) 30.1(3) C(25>C(26>C(27) 103.0(9) :: 
C(26)-Yb(l)-C(29) 51.0(3) C(25>C(26)-Si(l) 126.3(7) :� 
C(25)-Yb( 1 )-C(29) 29.8(3) C(27>C(26)-Si( 1) 125.9(8) 丨‘: 
C(30)-Si(l)-C(31) 106.8(7) C(25>C(26)-Yb(l) 77.9(6) 
C(3Q)-Si(lVC(32) 109.4(8) C(27K:(26)-Yb(l) 71.8(6) ：:! 
C(31)-Si(l)-C(32) 109.6(8) S i� -C(26) -Yba) 133.7(5) IJ 
C(3Q)-Si(l)-C(26) 111.9(6) C(28)-C(27)-C(26) 110.7(9) 
C(31)-Si(l)-C(26) 109.7(6) C(28)-C(27)-Yb � 76.4(6) “ 
C(32>Si(l)-C(26) 109.4(5) C(26VC(27)-Yb(l) 76.3(6) 
C(35)-Si(2)-C(34) 102.5(9) C(27>C(28)-C(29) 10&4(8) 
C(35)-Si(2>C(33) 110.9(9) C(27)-C(28)-Yb(l) 73.2(6) 
C(34VSi(2)-C(33) 111.7(8) C(29VC(28)-Yb(l) 79.4(6) 
C(35)-Si(2)-C(29) 119.2(6) ‘ C(28)-C(29)-C(25) 106.1(9) 
C(34>Si(2)-C(29) 106.1(6) C(28VC(29)-Si(2) 125.9(7) 
C(33)-Si(2)-C(29) 106.3(6) C(25VC(29VSi(2) 125.7(7) 
C(l)-N(l>Yb(l) 154.3(7) C(28)-C(29)-Yb(l) 70.5(5) 
ai3)-N(2)-Yb(l) 156.7(6) C(25)-C(29)-Yb(l) 74.3(5) 
C(36>N(3)-C(4Q) 115.8(10) Si(2)-C(29)-Yb(l) 133.4(5) 
C(36)-N(3)-Yb(l) 121.9(8) N(3)-C(36)-C(37) 123.5(13) 
C(4QVN(3)-Yb(l) 122.2(7) C(38)-C(37)-C(36) 116.9(13) 
C(41)-N(4)-C(45) 116.6(9) C(37VC(38)-C(39) 121.2(13) 
C(41)-N(4)-Yb(l) 123.2(7) C(4Q>C(39)-C(38) 116.9(14) 
C(45)-N(4)-Yb(l) 120.2(8) C(39)-C(40)-N(3) 125.5(13) 
N(1VC(1)-C(6) 123.7(9) N(4)-C(41)-C(42) 125.8(11) 
N(l)-C(l)-C(2) 119.2(9) C(41)-C(42)-C(43) 116.2(13) 
a6) -C � - C ( 2 ) 117.0(8) C(44VC(43)-C(42) 119.4(11) 
C(3)-C(2)-C(l) 121.1(12) C(43)-C(44)-C(45) 119.5(11) 
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Table 3-5. B o n d Distances ( A ) and B o n d Ang le s (。）for Cp”Yb(NHC6H3它u^-
2,5)2(THF) (19) 
"5[r)-C(43) 1.449(1) C(13)-C(18) 1.557(2) — 
•Q(L)-C(40) 1.467(1) C(14)-C(15) 1.403(2) 
Q(l)-Yb(l) 2.291(6) C(15)-C(16) 1.383(2) 
Yb(l>N(2) 2.152(7) C(16)-C(17) 1.399(2) 
Yb(l>N(l) 2.169(8) C(16)-C(22) 1.500(2) 
Yb(l)-C(8) 2.562(9) C(18>C(21) 1.530(2) � 
Yb(l)-C(7) 2.597(9) C(18)-C(2Q) 1.541(2) 
Yb(l)-C(4) 2.605(9) C(18>C(19) 1.578(1) 、； 
Yb(l)-C(6) 2.613(9) C(22)-C(23) 1.49(2) �• ！ 
Yb(l)-C(5) 2.627(9) C(22)>C(25) 1.49(2) 丨;、 
Si(l)-C(3) 1.817(2) C(22)-C(24) 1.51(2) 丨； 
Si(l>C(2) 1.847(1) C(26)-C(27) 1.408(1) 
Si(l)-C(l) 1.863(2) C(26)-C(31) 1.414(1) f 
‘Si(l)-C(4) 1.863(1) C(27>C(28) 1.410(1) :: 
Si(2)-C(10) 1.848(1) C(27)-C(32) 1.519(1) 
Si(2)-C(ll) 1.855(1) C(28)-C(29) 1.374(1) ！； 
Si(2)-C(7) 1.857(1) C(29)-C(3Q) 1.359(1) „s 
Si(2)-C(9) 1.866(1) C(3Q)-C(31) 1.374(1) ； 
N(l)-C(12) 1.385(1) C(30)-C(36) 1.555(1) ll 
N(2)-C(26) 1.397(1) C(32)-C(34) 1.517(1) ；考 
C(4)-C(8) 1.397(1) C(32)-C(33) 1.534(2) 
C(4)-C(5) 1.412(1) C(32)-C(35) 1.545(2) I 
C(5)-C(6) 1.409(1) C(36)-C(39) 1.512(2) “ 
C(6>C(7) 1.439(1) C(36>C(38) 1.565(2) 
C(7)-C(8) 1.423(1) C(36)-C(37) 1.572(1) 
C(12)-C(17) 1.394(2) C(40)-C(41) 1.431(2) 
C(12)-C(13) 1.435(1) C(41)-C(42) 1.45(2) 
C(13)-C(14) 1,376(1) C(42>C(43) 1.490(2) 
C(43)-Q(l)-C(40) 108.6(8) C(6)-C(7)-Si(2) 127.8(8) 
C(43)-Q(l>Yb(l) 126.0(6) C(8>C(7)-Yb(l) 72.6(5) 
C(4Q)-Q(l)-Yb(l) 123.0(6) C(6)-C(7)-Yb(l) 74.6(5) 
N(2VYb(l)-N(l) 113.1(3) Si(2)-C(7)-Yb(l) 121.2(4) 
N(2>Yb(lV0(l) 95.0(3) G(4)-C(8)-C(7) 112.9(9) 
N(l)-Yb(l)-Q(l) 100.3(3) C(4)-C(8)-Yb(l) 76.0(5) 
N(2VYb(l)-C(8) 127.3(3) C(7)-C(8)-Yb(l) 75.4(5) 
N(l)-Yb(l)-C(8) 94.5(3) N(l)-C(12)-C(17) 116.8(9) 
0(1)-Yb(l)-C(8) 124.3(3) N(1)-C(12>C(13) 126.2(9) 
N(2)-Yb(l)-C(7) 134.2(3) C(17)-C(12)-C(13) 117.0(9) 
N(lVYb(l)-C(7) 109.6(3) C(14>C(13)-C(12) 117.5(9) 
0(1)-Yb(l)-C(7) 93.1(3) C(14)-C(13)-C(18) 121.7(8) 
C(8VYb(l)-C(7) 32.0(3) C(12)-C(13)-C(18) 120.8(9) 
N(2)-Yb(l)-C(4) 96.0(3) C(13)-C(14)-C(15) 123.2(9) 
l ^ V Y b ( l > C ( 4 ) 109.5(3) C(16)-C(15)-C(14) 121.1(10) 
52 
^ 
0(1)-YK1K:(4) 141.0(3) C(15VC(16VC(17) 115.3(11) 
C(8)-Yb(l)-C(4) 31.4(3) C(15VC(16)-C(22) 123.0(11) 
C(7)-Yb(lVC(4) 53.7(3) C(17Vai6)-C(22) 121.6(11) 
N(2)-Yb(l)-C(6) 103.1(3) C(12VC(17)-C(16) 125.8(10) 
N(l>Yb(l)-C(6) 141.5(3) €(21)-€(18)-€(20) 111.8(11) 
0(1)-Yb(l)-C(6) 88.9(3) C(21)-C(18VC(13) 112.0(9) 
C(8)-Yb(l)-C(6) 51.3(3) C(20)-C(18VC(13) 110.1(9) 
C(7)-Yb(l)-C(6) 32.1(3) C(21)-C(18)-C(19) 107.9(11) 
C(4>Yb(l)-C(6) 52.2(4) C(2Q)-C(18)-C(19) 106.1(10) 
N(2)-Yb(l)-C(5) 83.0(3) C(13VC(18)-C(19) 108.6(9) 
N(l)-Yb(l)-C(5) 140.7(3) C(23>C(22)-C(25) 119(2) 
0(1)-Yb(l)-C(5) 114.3(3) C(23)-C(22)-C(16) 109.5(13) \ 
C(8)-Yb(l>C(5) 51.0(3) C(25)-C(22)-C(16) 107.9(12) 
C(7)-Yb(l>C(5) 52.9(3) C(23)-C(22)-C(24) 99.9(19) | 
C(4)-Yb(l)-C(5) 31.3(3) C(25)-C(22)-C(24) 108(2) :� 
C(6)-Yb(l)-C(5) 31.2(3) C(16)-C(22)-C(24) 112.2(13) 
C(3)-Si(l>C(2) 108.9(8) N(2)-C(26)-C(27) 125.7(7) 
C(3)-Si(l)-C(l) 110.8(10) N(2>C(26>C(31) 115.8(7) J 
C(2>Si(l)-C(l) 109.6(8) C(27)-C(26)-C(31) 118.5(8) 丨： 
C(3)-Si(l)-C(4) 110.5(6) C(26>C(27)-C(28) 115.7(8) 
C(2)-Si(l)-C(4) 107.6(6) C(26)-C(27)-C(32) 123.1(8) 
C(l)-Si(l)-C(4) 109.4(7) C(28)-C(27)-C(32) 121.1(8) 
C(lQ)-Si(2>C(ll) 110.3(6) C(29VC(28)-C(27) 123.4(9) � 
C(10)-Si(2)-C(7) 109.1(5) C(30)-C(29)-C(28) 121.5(9) •'H 
C(llVSi(2)-C(7) 111.3(5) Cf29)-C(3Q VC(31) 116.7(8) ；3 
C(10VSi(2)-C(9) 111.5(6) C(29)-C(3Q)-C(36) 120.0(8) 
C(ll)-Si(2)-C(9) 107.2(6) C(31)-C(3Q)-C(36) 123.3(8) I 
C(7VSi(2)-C(9) 107.4(5) C(30)-C(31)-C(26) 124.2(8) ‘ 
C(12>N(1)-Yb(l) 137.1(7) C(34)-C(32)-C(27) 112.7(8) 
C(26)-N(2)-Yb(l) 129.2(6) C(34)-C(32)-C(33) 106.1(10) 
C(8)-C � - C ( 5 ) 105.5(9) C(27)-C(32)-C(33) 111.1(9) 
C(8K：�-Si(l) 128.4(8) C(34)-C(32)-C(35) 106.9(9) 
C(5)-C(4)-Si(l) 125.2(8) C(27)-C(32)-C(35) 110.2(9) 
C(8VC(4>Yb(l) 72.6(5) C(33)-C(32)-C(35) 109.8(9) 
C(5)-C(4)-Yb(l) 75.2(5) C(39)-C(36)-C(3Q) 110.0(9) 
Si(l)>C(4)-Yb(l) 125.4(5) C(39)-C(36>C(38) 109.3(10) 
C(6)-C(5>C(4) 108.8(9) C(30)-C(36)-C(38) 106.9(8) 
C(6)-C(5)-Yb(l) 73.9(5) C(39)-C(36)-C(37) 108.3(10) 
C � - C ( 5 ) - Y b ( l ) 73.5(5) C(30)-C(36)-C(37) 112.9(8) 
C(5)-C(6)-C(7) 109.7(9) C(38>C(36>C(37) 109.4(10) 
C(5)-C(6VYbfl) 75.0(5) C(41VC(40)-Q(1) 108.0(10) 
C(7VC(6)-Yb(l) 73.4(5) C(40)-C(41)-C(42) 106.9(13) 
C(8>C(7)-C(6) 103.0(9) C(41)-C(42)-C(43) 107.8(12) 
"^)-C(7>Si(2) 128.9(8) 0(1)-C(43)-C(42) 105.5(10) 一 
53 
^ 
3.4 Synthesis and Structural Characterization of 
Yb(Cp-)(NHC,H3^Pr2-2,6)3M(L) 
Treatment of Yb(NHC6H3i^r2-2,6)3(THF)2 (8) with 1 equiv of Cp’，H in hexane, 
• , -
followed by reaction with 1 equiv of n-BuLi in hexane afforded Cp"Yb(NHC6H3Tr2-
2,6X -NHQH3'Pr2-2,6)2Li(THF) (14) after workup in 86% yield (Eq. 3-6). 
/ 1) Cp"H/hexane, A :: Yb_C6H3'Pr2-2,6)3(THF)2 _-： i 2) n-BuLi • 




Compound 14 can also be synthesized by reaction of Yt^NHCgHsTr�-
..jf 
2，6)3(THF)2 (8) with one equiv of Cp"Li (1) in THF in 80% yield (Eq. 3-7). ！ k I'r' rr , THF 
Yb(NHC6H3'Pr2-2,6)3(THF)2 + Cp"Li 一 ；；sj 
I'A 
Cp"Yb(NHC6H3'Pr2-2,6)(/^-NHC6H3'Pr2-2,6)2Li(THF) (3-7) | 
imal 14 
It was fully characterized by IR, ^H and ^^ C NMR, elemental analyses, and X-
ray analyses. Its molecular structure is shown in Figure 3-6. Bond distances and bond 
angles are given in Table 3-6. The Yb^^  ion is ^'-bound to one cyclopentadienyl 
ring and ^-bound to two doubly bridging and one terminal arylanilino ligands in a 
distorted-tetrahedral geometry. The cent-Yb distance and average N-Yb distance are 
2.331 and 2.241(6) A, respectively. The values are comparable to the cent-Yb 
distance of 2.393 A and average N-Yb distance of 2.264(1) A in 
[(它uCp)Yb(NPh2)3][Li(THF)4].3-9 The average Yb-C distance is 2.620(7)入 and the 
average Sm-C distance is 2.701(8) A in (C5Me5)Sm(OC6H3'Pr2-2,6)3Li(THF).^-' The 
0.081 A difference in the above distances is comparable to 0.09 A difference in 
54 
^ 
Shannon's ionic radii of six-coordinate (0.958 A) and Yb'" (0.868 A). The 
bridging arylanilino ligands are asymmetrically located between Yb^^ and Li+ ions. 
The Yb-N and Li-N distances are 2.258(6) and 2.070 A, respectively. •�‘ 
^ C N C1471 
C(34) C t S J ^ ^ L ^ X ^ I 
cm � c(6) 
Figure 3-6. Molecular Structure of Cp"Yb(NHC6H3Tr2-2,6)(//-NHC6H3Tr2-
2,6)2Li(THF) (14) 
Treatment of Yh0mC,U^VT2-2,6UTHF)2 (8) with 1 equiv of Cp"H in the 
presence of 2 equiv of pyridine in hexane at reflux temperature gave 
Cp”Yb(NHC6H3卞r2-2，6)2(py)2 (12) and free aniline NHsQHsi^ra-�^ followed by 
reaction with 1 equiv of n-BuLi in hexane affording Cp”Yb(NHC6H3tr2-2，6)("_ 




Yb(NHQH3^r2-2，6)3(THF)2 — — — — — -
2) n-BuLi 
. � Cp"Yb(NHC6H3'Pr2-2,6)(A-NHC6H3'Pr2-2,6)2Li(py) + BuH (3-8) 
--‘ 13 
Compound 13 was fully characterized by IR, ^H and ^^ C NMR, elemental 
� 
analyses, and X-ray analyses. The H^ NMR spectrum was not informative, showing :� . . • many very broad, unresolved resonances. As shown in Figure 3-7,13 is very similar 4 
I 
in structure to 14 except the solvation of solvent，pyridine in 13 and THF in 14. Bond 
distances and bond angles are given in Table 3-7. The Li-N distance is 2.022(1) A. j 
I 
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Figure 3-7. Molecular Structure of Cp"Yb(NHC6H3Tr2-2,6)(//-NHC6H3Tr2- 3 
2，6)2Li(py) (13) I 
•uwl 
Yb(NHCA'Pr2-2,6)2(A-NHC6H3Tr2-2,6)2Na(THF) (9) reacted with 1 equiv 
of Cp"H in hexane at reflux temperature to give Cp"Yb(NHC6H3Tr2-2,6)2( / / -
NHC6H3TPr2-2,6)Na(THF) (16) in 75% yield (Eq. 3-9). It is soluble in hexane. 
Yb(NHC6H3'Pr2-2,6)2(/^-NHC6H3'Pr2-2,6)2Na(THF) + Cp"H 
Cp”Yb(NHC6H3'Pr2-2,6)2(/^-NHC6H3^r2-2,6)Na(THF) 
16 +NH2C6H3'Pr2-2,6 (3-9) 
Compound 16 was fully characterized by IR, ^H and ^^ C NMR, elemental 
analyses and X-ray analyses. Its molecular structure of compound 16 is shown in 
Figure 3-8. Bond lengths and bond angles are given in Table 3-& The Yb^ ^ ion is 7 ^ � 
57 
bound to one cyclopentadienyl ring and ^-bound to one doubly bridging and two 
terminal arylamido ligands in a distorted-tetrahedral geometry. The distances 
between Yb^ ^ ion and its ligands are similar to those in compound 14. The bridging 
aiylamido ligand is asymmetrically located between Yb and Na atoms at distances of 
2.259(5) A for Yb-N and 2.472 入 for Na-N, respectively. Apart from the bridging 
arylanilino group, the Na+ ion is 於bound to one aromatic ring of the terminal 
‘«； 
anilino ligand and coordinated to one THF molecule. The average Na-C distance is 
‘.A 
：-V •；A 
2.790(9) A，which is comparable to the average Na-C distance of 2.867(3) A in 
"Na(THF)2(/^-/75:夕 5_MeC5H4)2Sm(NPh2)2;L?-io Since Na七 ion only coordinates to 
!： I ； 
� � -
one bridging arylanilino group, the angles involving pairs of arylanilino groups are ,丨 
larger than those in compound 14. 丨〈 
‘丨V P rr 
•A 
Ct9} 




Treatment of Yb(NHC6H3®U2-2，5)3(THF)3 (10) with 1 equiv of Cp"Li (1) in 
THF at room temperature, after recrystallization from a THF/Diglyme/DME/hexane 
solution, gave an ionic compound [Cp”Yb(NHC6H3TBu2-2，5)3][Li(Diglyme)(DME): 
(-20) in 82% yield (Eq. 3-10). It is very soluble in hexane. 
THF/Diglyme/DME 
Yb(NHC6H3'Bu2-2，5)3(THF)3 + Cp"Li ^ 
� 
[Cp” Yb(NHC6H3'Bu2-2,5)3][Li(DME)(Diglyme)] (3-10) 
2 0 丨 
‘丨： .i.: Compound 20 was characterized by ^H and ^^ C NMR and X-ray analyse. Its i:] 
‘ 、’i solid-state structure is shown in Figure 3-9. Bond distances and bond angles are ；'：] 
：丨y 
given in Table 3-9. Compound 20 consists of discrete tetrahedral anions 
卡( 
[Cp”Yb(NHC6H3它U2-2，5)3]- and trigonal-bipyramidal cations [Li(Diglyme)(DME)]+. q, u 
In the anion, the Yb^ ^ ion is >7^-bound to one cyclopentadienyl ring and ^-bound ：^ I 
to three terminal arylamido ligands in a distorted-tetrahedral geometry. The cent-Yb -
distance and average N-Yb distance are 2.422 and 2.182(6) A, respectively. The 
values are comparable to the cent-Yb distance of 2.393 A and average N-Yb distance 
of 2.264(1) A in [(它uCp)Yb(NPh2)3][Li(THF)4].3-9 In the cation，the Li+ ion is 
coordinated to five oxygen atoms from DME and Diglyxne molecules with an 
















Table 3-6. Bond Distances (A) and Bond Angles (。）for Cp”Yb(NHC6H3Tr2-2,6)(//-
NHQH3lV2,6)2Li(THF) (14) 
Yb(l)-N(3) 2.176(6) C(16)-C(17) 1.386(1) 
Yb(l)-N(l) 2.258(6) C(17)-C(21) 1 . 5 4 2 � 
Yb(l)-N(2) 2.288(5) C(18>C(2Q) 1.543(2) 
Yb(l)-C(4) 2.602(7) C(18)-C(19) 1.564(1) 
Yb(l)-C(3) 2.615(7) C(21)-C(23) 1.515(1) 
Yb(l)-C(2) 2.620(7) C(21>C(22) 1.55(2) 
Yb(l>C(5) 2.613(6) C(24)-C(29) 1.414(1) 
Yb(l)-C(l) 2.649(7) C(24>C(25) 1.437(1) ^ 
Si � - C ( l ) 1.878(7) C(25>C(26) 1.401(1) 
Si(l)-C(7) 1.860(9) C(25)-C(30) 1.494(1) 
Si(l>C(6) 1.858(1) C(26)-C(27) 1.366(2) 
Si(l>C(8) 1.864(1) C(27)-C(28) 1.352(2) ；：,： 
Si(2>C(9) 1.819(1) C(28)-C(29) 1.396(1) 
Si(2)-C(3) 1.872(8) C(29)-C(33) 1.510(1) � 
Si(2)-C(1Q) 1.864(2) C(3Q>C(31) 1.516(1) 
Si � - C ( l l ) 1.887(1) C(30>C(32) 1.532(1) ” 
Li( lKXl) 1.860(1) C(33)-C(34) 1.507(2) : � 
Li(l)-C(24) 2.685(2) C(33)-C(35) 1.54(2) 丨 
Li(l)-C(12) 2.758(2) C(36)-C(37) 1.427(1) 口 
Li(l)-N(l) 2.070 C(36>C(41) 1.406(1) it 
Li(l)-N(2) 2.104 C(37)-C(38) 1.407(1) t 
N(L)-C(12) 1.419(9) C(37)-C(42) 1.508(1) T 
N(2)-C(24) 1.398(9) C(38)-C(39) 1.372(2) I 
N(3>C(36) 1.393(9) C(39VC(40) 1.368(2) 
C(l)-C(5) 1.391(1) C(40)-C(41) 1.390(1) 
C(1VC(2) 1.424(9) C(41)-C(45) 1.509(1) 
C(2)-C(3) 1.417(1) C(42)-C(43) 1.495(1) 
C(3)-C(4) 1.424(1) C(42)-C(44) 1.542(1) 
C(4>C(5) 1.383(1) C(45>C(46) L536(2) 
C(12>C(17) 1.390(1) C(45)-C(47) 1.521(2) 
C(12)-C(13) 1.423(1) Q(l)-C(48) 1.423(8) 
C(13)-C(14) 1.371(1) 0(1)-C(51) 1.426(8) 
C(13)-C(18) 1.518(1) C(48)-C(49) 1.504(8) 
C(14>C(15) 1.382(2) C(49>C(50) 1.514(8) 
C(15)-C(16) 1.330(2) C(50)-C(51) 1.507(8) 
N(3)-Yb(lVN(l) 96.1(2) C(5>C(4)-Yb(l) 75.0(4) 
N(3)-Yb(l)-N(2) 117.9(2) C(3VC(4)-Yb(l) 74.6(4) 
N(l>Yb(l)-N(2) 86.9(2) Q4)-C(5)-C(l) 111.6(7) 
N(3)-Yb(l)-C(4) 125.4(3) C(4>C(5)-Yb(l) 74.2(4) 
N(l)-Yb(l>C(4) 87.2(2) C(lVC(5)-Yb(l) 76.1(4) 
N � - Y b ( l ) - C � 116.7(2) C(17>C(12)-N(1) 121.3(7) 
N(3VYb(l)-C(3) 97.4(2) C(17)-C(12)-C(13) 116.3(7) 
N(lVYb(l)-C(3) 106.0(2) N(l)-C(12)-C(13) 122.3(7) 
N(2)-Yb(l)-Cn) 141.1(2) C(17>C(12)-Li(l) 131.1(7) 
61 
^ 
C(4>Yb(l)-C(3) 31.7(2) N(l>C(12VLi(l) 46.7(5) 
N(3)-Yb � - C ( 2 ) 98.0(2) C(13)-C(12)-Li(l) 94.1(6) 
N(l)-Yb(l)-C(2) 136.5(2) C(14)-C(13)-C(12) 119.8(9) 
N(2>Yb(l>C(2) 121.0(2) C(14)-C(13)-C(18) 117.6(8) 
C � - Y b ( l ) - C ( 2 ) 51.6(2) C(12)-C(13>C(18) 122.5(7) 
C(3)-Yb(l)-C(2) 31.4(2) C(15)-C(14)-C(13) 122.5(10) 
N(3)-Yb(l)-C(5) 147.1(2) C(16)-C(15)-C(14) 117.3(10) 
N(l)-Yb(l)-C(5) 102.1(2) C(15>C(16)-C(17) 123.2(11) 
N(2>Yb(l)-C(5) 90.6(2) C(16>C(17)-C(12) 120.6(9) 
C(4)-Yb(l)-C(5) 30.7(2) C(16>C(17)-C(21) 117.2(9) 
C(3>Yb(l)-C(5) 51.3(2) C(12>C(17)-C(21) 122.1(8) 
C(2>Yb(l)-C(5) 50.5(2) C(13)-C(18)-C(20) 111.9(9) ！， 
N(3>Yb(l)-C(l) 125.2(2) C(13)-C(18>C(19) 113.4(10) 二 
N(l>Yb(l)-C(l) 132.8(2) C(2Q)-C(18)-C(19) 107.4(10) ::!, 
N(2>Yb(l>C(l) 91.8(2) C(17)-C(21>C(23) 112.6(11) :�i 
C(4>Yb(l)-C(l) 51.8(2) C(17)-C(21)-C(22) 110.1(13) I: 
C(3)-Yb(l)-C(l) 52.4(2) C(23)-C(21)-C(22) 112.0(13) 丨」 
C(2>Yb(l)-C(l) 31.3(2) N(2>C(24)-C(29) 121.7(7) jr] 
C(5>Yb(l)-C(l) 30.7(2) N(2)-C(24)-C(25) 118.7(7) 
N(3>Yb(l)-Li(l) 112.0(4) C(29)-C(24)-C(25) 119.6(7) / 
N(l)-Yb(l)-Li(l) 42.8(3) N(2)-C(24)-Li(l) 51.5(5) [� 
N(2)-Yb(l>Li(l) 44.2(3) C(29>C(24)-Li(l) 112.7(7) ::�( 
C(4>Yb( 1 )-Li( 1) 106.7(3) C(25)-C(24)-Li( 1) 102.0(6) ;� 
C(3>Yb(l>Li(l) 137.1(3) C(26>C(25)-C(24) 117.6(9) iT 
C(2)-Yb(l>Li(l) 150.0(3) C(26)-C(25)-C(30) 119.3(8) $ 
C(5)-Yb � - L i � 99.9(4) C(24)-C(25)-C(3Q) 123.1(7) | 
C � - Y b ( 1 )-Li( 1) 120.6(3) C(27)-C(26)-C(25) 122.6( 10) | 
C(l)-Si(l>C(7) 106.0(4) C(28)-C(27)-C(26) 118.9(9) 
C(l)-Si(lVC(6) 109.2(5) C(27>C(28)-C(29) 123.5(10) 
C(7VSi(l)-C(6) 109.7(5) C(28)-C(29)-C(24) 117.8(9) 
C(l>Si(l>C(8) 113.2(4) C(28)-C(29>C(33) 118.8(9) 
C(7VSi(l)-C(8) 108.9(5) C(24)-C(29)-C(33) 123.5(8) 
C(6)-Si(l)-C(8) 109.8(6) C(25VC(30)-C(31) 112.1(8) 
C(9)-Si(2)-C(3) 111.5(5) C(25)-C(3Q)-C(32) 114.6(8) 
C(9VSi(2)-C(10) 112.6(11) C(31>C(30)-C(32) 108.3(8) 
C(3)-Si � - C ( I O ) 106.7(6) C(29)-C(33)-C(34) 113.5(10) 
C(9)-Si(2)-C(ll) 107.3(7) C(29)-C(33)-C(35) 111.6(11) 
C(3)-Si(2)-C(ll) 108.4(5) C(34)-.C(33)-C(35) 110.8(12) 
C(10)-Si(2)-C(l 1) 110.1(9) C(37>C(36)-N(3) 119.4(7) 
Q(l)-Li(l)-C(24) 103.8(7) C(37>C(36>C(41) 117.5(7) 
0(lVLi(l)-C(12) 102.3(6) N(3)-C(36)-C(41) 123.0(7) 
C(24VLi(l)-C(12) 153.5(6) C(36)-C(37)-C(38) 119.6(8) 
0(l)-Li(lVYb(l) 169.0(9) C(36)-C(37>C(42) 121.1(7) 
C(24)-Li(lVYb(l) 77.4(4) C(38)-C(37)-C(42) 119.1(8) 
C( U y U ( 1 )-Yb( 1) 76.1(4) C(39)-C(3 8)-C(37) 122.2(9) 
C(12VN(1)-Yb(l) 152.7(5) C(40>C(39)-C(38) 117.4(8) 
C(24)-N(2)-Yb(l) 153.1(5) C(41)-C(40)-C(39) 123.8(10) 
"^6) -N(3) -Yba) I 150.3 作 i C(40)-C(41)-CQ6) | 119.5(8) “ 
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^ 
C(5)-C(L)-C(2) 105.0(7) C(4QVC(41)-C(45) 119.7(8) 
C(5)-C(l)-Si(l) 126.9(5) C(36VC(41VC(45) 120.8(7) 
C(2)-C(l)-Si(l) 126.7(6) C(43VC(42)-C(37) 110.2(9) 
C(5)-C(l)-Yb(l) 73.3(4) C(43)-C(42)-C(44) 109.1(10) 
C(2KX1)-Yb(l) 73.2(4) C(37)-C(42)-C(44) 114.2(8) 
Si(l>C(l)-Yb(l) 128.5(3) C(41)-C(45)-C(46) 109.4(10) 
C(3)-C(2)>C(1) 109.7(7) C(41)-C(45)-C(47) 115.0(9) 
C(3)-C(2)-Yb(l) 74.1(4) C(46>C(45)-C(47) 109.8(11) 
C(l>C(2)-Yb(l) 75.4(4) C(48)-0(1>C(51) 111.7(6) 
C(2)-C(3)-C(4) 106.2(6) C(48)-0 � - L i � 124.6(7) 
C(2>C(3)-Si(2) 127.8(6) C(51)-0(1)-Li(l) 123.7(7) 
C(4)-C(3VSi(2) 125.2(6) C(49)-C(48)-0(l) 106.3(6) ；！^ 
C(2)-C(3)-Yb(l) 74.5(4) C(48)-C(49)-C(50) 106.1(5) 
C(4>C(3)-Yb(l) 73.7(4) C(49)-C(50)-C(51) 106.5(5) 
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Tab l e 3-7. B o n d Distances ( A ) and B o n d Ang le s (。）for Cp"Yb(NHC6H3Tr2-2,6)(//-
N H C A i ^ r 2 - 2 , 6 ) , L i ( p y ) (13) 
Yb(l)-N(4) I 2.189(5) C(1Q>C(11) 1.540(9) 
Yb(l>N(2) 2.258(4) C(1Q)-C(12) 1.557(9) 
Yb(l)-N(l) 2.309(4) C(13>C(18) 1.408(8) 
Yb(l)-C(28) 2.604(5) C(13)-C(14) 1.426(8) 
Yb(l)-C(29) 2.610(5) C(14>C(15) 1.386(8) 
Yb(l>C(25) 2.634(5) C(14)-C(19) 1.529(1) 
Yb(l>C(27) 2.651(6) C(15)-C(16) 1.363(1) 
Yb(l>C(26) 2.685(6) C(16)-C(17) 1.385(1) i； 
Si(l>C(32) 1.862(7) C(17)-C(18) 1.395(7) 二 
Si(l)-C(31) 1.870(6) C(18>C(22) 1.538(8) 
Si(l)-C(26) 1.874(5) C(19)-C(20) 1.490(1) ；丨j 
Si(l>C(30) 1.874(8) C(19)-C(21) 1.533(9) 1 
Si(2)-C(35) 1.856(7) Q22)-C(24) 1.514(7) 丨 
Si(2>C(33) 1.856(7) C(22>C(23) 1.525(7) [) 
Si(2)-C(34) 1.861(7) C(25)-C(29) 1.427(6) •；： 
Si(2>C(29) 1.864(5) C(25)-C(26) 1.434(8) ？ 
N d V C d ) 1.417(6) C(26)-C(27) 1.425(7) : � 
N(l>Li(l) 2.072 C(27>C(28) 1.405(7) y 
N(2)-Li(l) 2.130 C(28>C(29) 1.409(7) ； 
N(2)-C(13) 1.410(6) C(36)-C(37) 1.325(7) ii" 
N(3)-C(4Q) 1.318(1) C(37>C(38) 1.310(8) • 
N(3)-C(36) 1.352(8) C(38)-C(39) 1.315(8) t 
N(3)-Li(l) 2.022(1) C(39)-C(4Q) 1.327(8) g 
N(4)-C(41) 1.395(7) C(41>C(42) 1.410(8) 
C(l)-C(6) 1.405(8) C(41)-C(46) 1.417(8) 
C(1>C(2) 1.428(8) C(42)-C(43) 1.404(8) 
C(2)-C(3) 1.403(8) C(42>C(47) 1.520(8) 
C(2>C(7) 1.494(1) C(43)-C(44) 1.380(1) 
C(3)-C(4) 1.353(1) C(44)-C(45) 1.362(1) 
C � - C ( 5 ) 1.374(1) C(45)-C(46) 1.381(8) 
C(5)-C(6) 1.415(7) C(46)-C(50) 1.509(9) 
C(6)-C(1Q) 1.498(8) C(47>C(48) 1.535(1) 
C(7>C(9) 1.519(1) C(47)-C(49) 1.546(1) 
C(7)-C(8) 1.532(9) C(50>C(52) 1.523(9) 
C(5Q>C(51) 1.551(8) 
lp ) -Yb( l ) -N(2) — 119.95(17) C(6)-C(10>C(12) 109.6(5) 
N(4VYb(l)-N(l) 95.88(17) C(11VC(1Q)-C(12) 108.5(6) 
N(2)-Yb(l)-N(l) 86.28(15) N(2)-C(13)-C(18) 119.5(5) 
N(4)-Yb( 1 )-C(28) 126.25( 17) N(2)-C( 13)-C(14) 121.4(5) 
N(2VYb(l)-C(28) 113.76(17) C(18)-C(13)-C(14) 119.0(5) 
N(l)-Yb(l)-C(28) 89.09(16) N(2>C(13)-Li(l) 49.7(3) 
N(4)-Yb � - C ( 2 9 ) 97.61(18) C(18)-C(13)-Li(l) 105.8(4) 
N(2)-Yb(l)-C(29) 139.32(17) C(14)-C(13)-Li(l) 110.7(5) 
Na)-Ybn)-C(29) 106.11(15) C(15)-C(14)-C(13) 118.1(7) 
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^ 
C(28>Yb(l)-C(29) 31.35(16) C(15)-C(14)-C(19) 119.0(6) 
N(4>Yb(l)-C(25) 96.72(18) ai3VC(14VC(19) 122.9(5) 
N(2)-Yb(l>C(25) 121.11(16) a i 6 V a i 5 V a i 4 ) 123.0(7) 
N(l>Yb(l)-C(25) 137.18(15) C(15VC(16)-C(17) 119.2(6) 
C(28)-Yb(l)-C(25) 51.13(16) C(16)-C(17)-C(18) 120.7(7) 
C(29)-Yb( 1 )-C(25) 31.57(14) C( 17)-C( 18)-C( 13) 119.8(6) 
N(4)-Yb(l)-C(27) 147.06(17) C(17)-C(18)-C(22) 118.6(6) 
N(2>Yb( 1 )-C(27) 87.58( 16) C(13>C( 18VC(22) 121.5(5) 
N(l>Yb(l>C(27) 104.23(16) C(20)-C(19)-C(14) 110.7(7) 
C(28)-Yb( 1 )-C(27) 31.00(16) C(2Q)-C( 19VC(21) 109.0(7) 
C(29)-Yb(l>C(27) 52.01(16) C(14)-C(19)-C(21) 114.0(7) 
C(25)-Yb(l)-C(27) 51.10(16) C(24>C(22)-C(23) 109.3(5) 
N(4>Yb(l>C(26) 123.22(18) C(24>C(22)-C(18) 112.3(5) 二 
N(2>Yb(l)-C(26) 91.26(17) C(23>C(22)-C(18) 114.1(5) ! 
N(l>Yb(l>C(26) 135.17(16) C(29)-C(25)-C(26) 109.9(5) 1 
a28VYb(l)-C(26) 51.45(16) C(29)-C(25)-Yb(l) 73.3(3) : 
C(29)-Yb(lKX26) 52.48(16) C(26)-C(25VYb(l) 76.3(3) 
a25VYb(l)-C(26) 31.26(16) C(27)-C(26)-C(25) 105.7(4) "丨 
C(27VYb(lVC(26) 30.97(16) C(27>C(26)-Si(l) 125.6 � : 
N(4)-Yb(l)-Li(l) 112.7(3) C(25>C(26)-Si(l) 127.8(4) 
N(2VYb(l)-Li(l) 43.9(2) C(27)-C(26)-Yb(l) 73.2(3) !( 
N(lVYb(l)-Li(l) 42.4(2) C(25>C(26)-Yb(l) 72.4(3) , 乂 
C(28VYb � - L i � 106.6(2) Si(l>C(26>Yb(l) 127.3(2) ；; 
C(29Vyb � - L i ( l ) 136.2(2) C(28>C(27)-C(26) 108.5(5) 'it" 
a25VYb(l)-Li(l) 150.6(2) C(28)-C(27>Yb(l) 72.6(3) $ 
C(27VYb(l)-Li(l) 99.7(2) C(26)-C(27)-Yb(l) 75.8(3) ^ 
C(26VYb(l)-Li(l) 121.7(2) C(27)-C(28)-C(29) 110.1(4) g 
a32)-Si(l)-C(31) 108.4(3) C(27>C(28)-Yb(l) 76.4(3) “ 
C(32)-Si(l)-C(26) 108.2(3) C(29)-C(28)-Yb(l) 74.6(3) 
a31)-Si(l)-C(26) 113.7(3) C(28)-C(29)-C(25) 105.7(5) 
C(32)-Si � - C ( 3 0 ) 110.8(4) C(28)-C(29)-Si(2) 126.2(4) 
COn-SidVCOO) 107.9(4) C(25)-C(29)-Si(2) 127.6(4) 
C(26)-Si(l)-C(30) 107.9(3) C(28)-C(29)-Yb(l) 74.1(3) 
C(35VSi(2)-C(33) 109.4(4) C(25)-C(29VYb(l) 75.1(3) 
C(35>Si(2)-C(34) 110.7(4) Si � - a 2 9 V Y b ( l ) 122.1(3) 
C(33)-Si(2)-C(34) 107.9(4) C(37)-C(36)-N(3) 124.4(8) 
C(35>Si(2)-C(29) 108.0(3) C(36VC(37)-C(38) 116.9(10) 
C(33)-Si(2)-C(29) 109.6(3) C(39>C(38VC(37) 122.2(14) 
C(34)-Si(2)-C(29) 111.2(3) C(38VC(39)-C(4Q) 118.6(15) 
CdVNdVYbd) 136.1(4) N(3)-C(40)-C(39) 123.3(11) 
C(13)-N(2)-Yb(l) 151.5(4) N(4)-C(41)-C(42) 121.4(5) 
C(4QVN(3VC(36) 114.5(7) N(4)-C(41)-C(46) 119.7(5) 
C(40)-N(3)-Li(l) 119.7(6) C(42)-C(41)-C(46) 118.9(5) 
C(36VN(3)-Li(l) 123.4(5) C(43VC(42)-C(41) 119.5(6) 
C(4n-N(4)-Yb(l) 148.8(3) C(43)-C(42)-C(47) 117.5(6) 
C(6VC(1)-N(1) 119.7(5) C(41VC(42VC(47) 122.9(6) 
C(6)-C(l)-C(2) 120.2(5) C(44>C(43)-C(42) 121.0(7) 
N(L)-C(L)-C(2) 120.1(5) C(45)-C(44)-C(43) 118.6(7) 
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C(3)-C(2)-C(l) 116.9(7) C(44)-C(45)-C(46) 123.6(7) 
C(3)-C(2)-C(7) 121.3(6) C(45VC(46VC(41) 118.3(6) 
C(l)-C(2)-C(7) 121.7(5) C(45VC(46)-Cf50) 119.4(6) 
C(4)-C(3)-C(2) 123.5(7) C(41)-C(46)-C(50) 122.2(5) 
C(3>C(4)-C(5) 119.2(6) C(42)-C(47)-C(48) 109.1(7) 
C(4)-C(5)-C(6) 121.5(7) C(42)-C(47)-C(49) 115.2(6) 
C(l)-C(6)-C(5) 118.4(6) C(48)-C(47)-C(49) 111.3(7) 
C(1)-C(6>C(1Q) 123.2(5) C(46)-C(50)-C(52) 111.3(6) 
C(5>C(6)-C(1Q) 118.3(6) C(46)-C(5Q)-C(51) 114.3(5) 
C(2)-C(7)-C(9) 112.4(6) C(52)-C(5Q)-C(51) 108.7(5) 
C(2>C(7)-C(8) 114.5(6) N(3)-Li(l)-C(13) 99.5(4) 
C(9)-C(7)-C(8) 109.3(7) N(3)-Li(l)-Yb(l) 155.7(5) 丨! 
C(6)-CaQ)-C(ll) 115.2(5^ I CX13Hi(i)-Yb(l) 75.2(3) : 
� 
.1 j 









Table 3-8. Bond Distances (A) and Bond Angles (。）for Cp"(NHC6H3Tr2-2,6)2(//-
NHC6H3 卞！•2-2，6)Na(THF) (16) 
Yb(l)-N(3) 2.223(6) C(6)-C(10) 1.494(1) 
Yb(l)-N(l) 2.226(5) C(7VC(8) 1.531(1) 
Yb(l>N(2) 2.259(5) C(7)-C(9) 1.539(1) 
Yb(l)-C(39) 2.598(7) C(10)-C(12) 1.526(1) 
Yb(l)-C(38) 2.630(6) C(1Q)-C(11) 1.539(1) 
Yb(l)-C(37) 2.644(6) C(13)-C(14) 1.436(1) 
Yb(l>C(40) 2.650(7) C(13)-C(18) 1.420(1) 
Yb(l)-C(41) 2.698(6) C(14>C(15) 1.395(1) 
Yb(l>Na(l) 3.887(3) C(14)-C(19) 1.532(1) 二 
Na(l>Q(l) 2.277(6) C(15)-C(16) 1.366(1) 
Na(l)-C(2) 2.734(8) C(16)-C(17) 1.367(1) 
Na(l>C(l) 2.750(8) C(17)-C(18) 1.395(1) v: 
Na(l)-C(3) 2.885(9) C(18)-C(22) 1.545(1) � 
Na(l)-C(13) 2.894(8) C(19)-C(21) 1.532(1) f]丨 
Na(l>C(2Q) 3.040(1) C(19>C(20) 1.535(1) ‘ - i 
Na(l)-C(4) 3.054(9) C(22)-C(24) 1.529(1) :'丨 
Na(l>C(6) 3.046(8) C(22)-C(23) 1.542(1) : � 
Na(l)-C(19) 3.092(9) C(25)-C(26) 1.435(1) Sf 丨 
Si(2>C(41) 1.866(8) C(25)-C(3Q) 1.417(1) 口、丨 
Si(2)-C(45) 1.874(9) C(26)-C(27) 1.400(1) ill 
Si(2>C(47) 1.890(1) C(26)-C(31) 1.525(1) f 
Si(2)-C(46) 1.882(1) C(27)-C(28) 1.366(1) T\ 
Si(l>C(44) 1.867(1) C(28>C(29) 1.362(1) | 
Si(l)-C(42) 1.852(1) C(29)-C(30) 1.393(1) 
Si(l)-C(38) 1.861(8) C(30>C(34) 1.540(1) 
Si(l>C(43) 1.877(9) C(31)-C(32) 1.523(1) 
N(L)-C(L) 1.400(8) C(31)-C(33) L567(L) 
N(2>C(13) 1.426(9) C(34)-C(35) 1.511(1) 
N(3)-C(25) 1.373(9) C(34)-C(36) 1.521(1) 
Q(l)-C(48) 1.409(8) C(37)-C(38) 1.419(1) 
Q(1>C(51) 1.416(8) C(37)-C(41) 1.426(1) 
C(1>C(2) 1.435(9) C(38)-C(39) 1.413(1) 
C(1>C(6) 1.452(1) C(39)-C(4Q) 1.405(1) 
C(2>C(3) 1.374(9) C(40)-C(41) 1.414(1) 
C(2)-C(7) 1.525(1) C(48)-C(49) 1.518(8) 
C(3>C(4) 1.369(1) C(49)-C(50) 1.501(8) 
C � - C ( 5 ) 1.385(1) C(5Q)-C(51) 1.525(8) 
C(5)-C(6) 1.396(1) : 
N(3)-Yb(l)-N(l) 113.3(2) N(l)-C(l)-C(2) 120.5(6) 
N(3VYb( 1 )-N(2) 94.7(2) N( 1 )-C( 1 )-C(6) 121.7(6) 
N(l)-Yb(l)-N(2) 97.8(2) C(2)-C(l)-C(6) 117.8(6) 
N(3)-Yb(lVC(39) 122.4(2) N(l)-C(l)-Na(l) 106.4(4) 
N(lVYb(l)-C(39) 123.0(2) C(2>C(l)-Na(l) 74.2(4) 
"^ -Yb( lVC(39) 89.2(2) C(6>C(l)-Na(l) 8 7 . 2 ( 4 ) — 
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N(3)-Yb � - C ( 3 8 ) 94.7(2) Cffl-C � - C � 119.5(7) 
N(l>Yb(l)-C(38) 140.7(2) C(3VC(2VC(7) 119.9(6) 
N(2VYb(lVC(38) 107.1(2) C n v a 2 V C m 120.4(6) 
C(39)-Yb( 1 )-C(3 8) 31.3(2) C(3)-C(2)-Na( 1) 82.1(5) 
N(3 >Yb( 1 )-C(37) 96.4(2) C( 1 )-C(2VNa( 1) 75.4(4) 
N(l)-Yb(l>C(37) 114.7(2) C(7)-C(2)-Na(l) 116.9(5) 
N(2>Yb(l)-C(37) 137.6(2) C(2VC(3)-C(4) 122.6(7) 
C(39)-Yb(l)-C(37) 50.8(2) C(2>C(3)-Na(l) 69.8(4) 
C(38)-Yb(l)-C(37) 31.2(2) C(4)-C(3)-Na(l) 83.7(6) 
N(3>Yb(l)-C(4Q) 145.2(2) C(5>C(4)-C(3) 119.3(7) 
N( 1 >Yb( 1 )-C(40) 93.4(2) C(5)-C(4)-Na( 1) 81.2(5) 
N(2>Yb( 1 >C(40) 103.7(2) C(3 )-C(4)-Na( 1) 69.9(5) | 
C(39>Yb(l)-C(4Q) 31.0(2) "c(4)-C(5)-C(6) 121.8(8) ； 
C(3 8)-Yb( 1 >C(40) 51.8(2) C(5)-C(6)-C( 1) 118.4(7) 4 
C(37)-Yb( 1 )-C(4Q) 50.6(2) C(5)-C(6)-C( 10) 122.2(7) 
N(3 )-Yb( 1 )-C(41) 124.0(2) C(1 )-C(6)-C( 1Q) 119.3(6) ！ 
N( 1 )-Yb( 1 )-C(41) 88.8(2) C(5)-C(6)-Na( 1) 81.4(5) 
N(2)-Yb( 1 )-C(41) 134.3(2) C( 1 >C(6)-Na( 1) 64.4(4) f)丨 
C(39)-Yb( 1 )-C(41) 51.2(2) C( 1 Q>C(6)-Na( 1) 127.1(5) ‘ ？ 
C(38>Yb(l>C(41) 52.1(2) C(8)-C(7)-C(2) 112.9(7) 
C(37)-Yb(l)-C(41) 30.9(2) C(8>C(7)-C(9) 111.1(7) !( 
C(40)-Yb( 1 )-C(41) 30.7(2) C(2)-C(7)-C(9) 108.2(7) 乂 i 
N(3)-Yb(l)-Na(l) 106.81(17) C(6)-C(1Q)-C(12) 110.4(7) P 丨 
NdVYbdVNad) 61.07(15) C(6>C(10)-C(11) 115.3(7) itl 
N(2VYb(l)-Na(l) 36.76(15) C(12)-C(10)-C(ll) 107.5(7) _ 
C(39)-Yb( 1 )-Na( 1) 109.64(18) N(2)-C( 13 )-C( 14) 120.6(7) Z\ 
C(38>Yb(l)-Na(l) 137.65(18) N(2>C(13)-C(18) 122.2(7) ；£ 
C(37)-Yb(l)-Na(l) 156.14(17) C(14)-C(13)-C(18) 117.2(7) 
C(40)-Yb(l)-Na(l) 105.54(18) N(2)-C(13)-Na(l) 58.9(3) 
C(41)-Yb(l)-Na(l) 128.41(17) C(14>C(13)-Na(l) 86.8(4) 
Q(l>Na(l)-C(2) 117.2(2) C(18>C(13>Na(l) 124.9(4) 
Q(l>Na(l)-C(l) 144.7(3) C(15)-C(14>C(13) 118.6(8) 
C(2)-Na( 1 )-C( 1) 30.3(2) C( 15)-C( 14)-C( 19) 117.9(8) 
0(l>Na(l>C(3) 93.7(2) C(13>C(14)-C(19) 123.4(7) 
C(2>Na(l)-C(3) 28.1(2) C(16>C(15)-C(14) 123.1(9) 
C(l>Na(l)-C(3) 50.9(2) C(15)-C(16)-C(17) 119.1(9) 
Q(l)-Na(l>C(13) 94.3(2) C(18)-C(17)-C(16) 121.1(8) 
C(2)-Na( 1 )-C( 13) 126.9(2) C( 17)-C( 18)-C( 13) 120.9(8) 
C(l)-Na(l)-C(13) 117.1(2) C(17>C(18)-C(22) 119.3(7) 
C(3)-Na(l>C(13) 150.9(3) C(13)-C( 18)-C(22) 119.6(7) 
0(l)-Na(l)-C(20) 99.6(3) C(21)-C(19)-C(14) 111.7(7) 
C(2)-Na( 1 )-C(20) 132.3(3) C(21 >C( 19)-C(20) 109.4(8) 
C(l)-Na(l)-C(20) 103.8(3) C(14)-C(19>C(2Q) 111.4(7) 
C(3)-Na( 1 )-C(20) 130.7(3) C(21 >C( 19)-Na( 1) 166.4(6) 
C(13)-Na(l)-C(20) 75.1(2) C(14)-C(19)-Na(l) 78.2(4) 
0(l)-Na(l>C(4) 90.6(2) C(20)-C(19)-Na(l) 73.6(5) 
C(2)-Na(l)-C(4) 48.7(2) C(19)-C(2Q)-Na(l) 77.4(5) 
"cm-Nag)-C(4) 57.8(2) | 0：(24)-(：(22)~€(23) 丨 110.8(7) 一 
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C(3>Na(lVC(4) 26.4(2) C(24)-C(22)-C(18) 110.3(7) 
C(13)-Na(l)-C(4) 174.9(2) C(23)-C(22)-C(18) 113.4(7) 
C(2Q)-Na(l)-C(4) 105.8(3) N(3VC(25)-C(26) 122.0(8) 
0(1)-Na(l)-C(6) 134.9(3) N(3)-C(25)-C(30) 119.7(7) 
C(2)-Na(l)-C(6) 50.3(2) C(26)-C(25)-C(30) 118.2(7) 
C(l)-Na(l)-C(6) 28.43(19) C(27VC(26)-C(25) 118.0(9) 
C(3)-Na(l)-C(6) 56.1(2) C(27VC(26)-C(31) 120.8(8) 
C(13)-Na(l)-C(6) 128.9(2) C(25KX26)-C(31) 121.2(8) 
C(20)-Na(l)-C(6) 82.4(3) C(28)-C(27)-C(26) 123.3(9) 
C � - N a ( l K : ( 6 ) 46.9(2) C(29)-C(28)-C(27) 118.4(9) 
0(l)-Na(l>C(19) 114.5(3) C(28)-C(29)-C(30) 122.6(10) 
C(2>Na(l)-C(19) 128.1(2) C(29)-C(30)-C(25) 119.5(8) ^ 
C( 1 )-Na( 1 )-C( 19) 98.5(2) C(29>C(3Q)-C(34) 118.6(8) 丨 
C(3)-Na(l>C(19) 144.9(3) C(25)-C(3Q)-C(34) 121.8(7) ! 
C( 13)-Na( 1 )-C( 19) 51.6(2) C(32)-C(31 )-C(26) 110.7(8) 1 
C(20VNa(l>C(19) 29.0(2) C(32VC(31)-C(33) 111.5(9) ,： 
C(4VNa(l)-C(19) 127.4(3) C(26VC(31)-C(33) 112.9(9) 丨 
C(6)-Na(l)-C(19) 88.8(2) C(35)-C(34)-C(36) 112.1(8) pi 
0(1)-Na(l)-Yb(l) 144.2(2) C(35)-C(34VC(30) 115.5(7) ；丨 
C(2>Na(l)-Yb(l) 70.11(15) C(36)-C(34)-C(3Q) 107.1(7) 
C(lVNa(l)-Yb(l) 57.30(14) C(38VC(37)-C(41) 110.7(7) :�: 
C(3)-Na(l)-Yb(l) " ^ 2 3 0 8 ) C(38)-C(37)-Yb(l) 73.8(3) V: 
C(13VNa(l)-Yb(l) " ^ 7 0 5 ) C(41)-C(37VYb(l) 76.6(4) p; 
C(20)-Na(l)-Yb(l) 97.8(2) C(37VC(38)-C(39) 105.1(7) irl 
C � - N a ( l ) - Y b � 114.36(18) C(37)-C(38>Si(l) 126.9(6) 0 
C(6VNa(l)-Yb(l) 78.30(15) C(39)-C(38)-Si(l) 127.5(6) 
C(19VNa(lVYb(l) 71.43(16) C(37)-C(38)-Yb(l) 74.9(4) g 
a41)-Si(2)-C(45) 109.2(4) C(39)-a38VYb(l) 73.1(4) “ 
C(41)-Si(2>C(47) 114.4(4) Si(l)-C(38)-Yb(l) 123.0(3) 
C(45)-Si(2>C(47) 106.1(5) C(4Q)-C(39)-C(38) 109.9(7) 
C(41>Si(2)-C(46) 107.3(5) C(40)-C(39)-Yb(l) 76.5(4) 
C(45)-Si(2)-C(46) 110.9(6) C(38>C(39>Yb(l) 75.6(4) 
C(47)-Si(2)-C(46) 109.0(5) C(39>C(40)-C(41) 108.7(7) 
C(44)-Si(l)-C(42) 109.4(6) C(39)-C(4Q)-Yb(l) 72.5(4) 
C(44)-Si(l)-C(38) 110.5(5) C(41)-C(40)-Yb(l) 76.6(4) 
C(42)-Si(l)-C(38) 108.5(4) C(40>C(41)-C(37) 105.6(7) 
C(44)-Si(l)-C(43) 109.1(5) C(40)-C(41)-Si(2) 126.4(6) 
C(42)-Si(l)-C(43) 108.7(5) C(37)-C(41>Si(2) 126.7(6) 
C(38)-Si(l)-C(43) 110.6(4) C(40)-C(41)-Yb(l) 72.8(4) 
C(l)-N(l>Yb(l) 132.4(4) C(37)-C(41)-Yb(l) 72.4(4) 
C(13>N(2)-Yb(l) 145.2(4) Si(2)-C(41)-Yb(l) 129.9(3) 
C(25)-N(3)-Yb( 1) 149.7(6) 0( 1 )-C(48)-C(49) 106.5(6) 
C(48>0(L)-C(51) 112.9(5) C(50)-C(49)-C(48) 105.3(6) 
C(48VO(l)-Na(l) 123.9(5) C(49)-C(50VC(51) 105.1(6) 
a S l V Q a V N a q ) 123.1(5) Q(1)-C(51)-C(5Q) 106.3(5) 一 
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Table 3-9. B o n d Distances ( A ) and B o n d Ang le s (。）for [Cp，，Yb(NHC6H3它u^-
2，5)3][L i (DMEXDig lyme)] (20) 
Yb(l)-N(3) 2.166(4) C(29K:(34) 1.406(9) — 
Yb(l)-N(2) 2.179(6) C(29)-C(3Q) 1.429(8) 
Yb(l)-N(l) 2.202(5) C(30)-C(31) 1.393(1) 
Yb(l)-C(47) 2.650(6) C(3Q)-C(35) 1.519(1) 
Yb(l)-C(45) 2.665(7) C(31)-C(32) 1.374(1) 
Yb(l)-C(46) 2.693(6) C(32)-C(33) 1.397(9) 
Yb(l)-C(44) 2.700(7) C(33>C(34) 1.335(9) 
Yb(l)-C(43) 2,728(6) C(33)-C(39) 1.518(1) g 
Si(l)-C(43) 1.830(6) C(35)-C(36) 1.535(1) 
Si(l)-C(49) 1.835(9) C(35>C(38) 1.585(1) | 
Si(l)-C(50) 1.858(7) C(35>C(37) 1.587(9) 1 
Si(l)-C(48) 1.879(8) C(39)-C(4Q') 1.49(2) : 
Si(2)-C(46) 1.808(6) C(39>C(42) 1.522(1) 
Si(2)-C(52) 1.848(1) C(39)-C(41) 1.574(1) i 丨 
Si(2)-C(53^ 1.865(9) C(39)-C(40) 1.68(2) :’;丨 
Si(2)-C(51) 1.878(9) C(43)-C(47) 1.411(8) f 
N(1>C(1) 1.422(9) C(43)-C(44) 1.419(1) 
N(2>C(15) 1.394(8) C(44)-C(45) 1.408(8) y 
N(3)-C(29) 1.369(7) C(45)-C(46) 1.445(9) 〔’丨 
C(l)-C(6) 1.405(1) C(46)-C(47) 1.427(9) h" 
C(l)-C(2) 1.457(9) 0(1)-C(62) 1.557(9) • 
C(2)-C(3) 1.384(1) 0(1)-C(61) 1 . 6 0 7 � : 
C � - C ( 7 ) 1.546(1) Q(l)-Li(l) 2.231(1) f 
C(3)-C(4) 1.316(1) Q(2VC(63) 1.530(8) ‘ 
C(4>C(5) 1.446(1) 0(2)-C(64) 1.543(9) 
C(5)-C(6) 1.353(1) 0(2)-Li(l) 2.068(2) 
C(5)-C(LL) 1.610(1) 0(3)-C(65) 1.564(9) 
C(7>C(10) 1.518(1) Q(3)-C(66) 1.612(1) 
C(7)-C(9) 1.523(1) 0(3)-Li(l) 2.289(1) 
C(7>C(8) 1.617(1) 0(4)-C(68) 1.594(1) 
C(ll)-C(13) 1.475(1) 0(4>C(67) 1.599(1) 
C(11>C(14) 1.507(1) 0(4)-Li(l) 2.213(2) 
C(ll)-C(12) 1.574(1) 0(5>C(7Q) 1.602(1) 
C(15)-C(2Q) 1.406(7) 0(5)-C(69) 1.603(1) 
C(15>C(16) 1.411(9) 0(5>Li(l) 2.14(2) 
C(16>C(17) 1.385(1) Li(l)-C(69) 2.42(2) 
C(16>C(21) 1.549(8) Li � - C ( 6 8 ) 2.736(2) 
C(17VC(18) 1.335(8) C(62)-C(63) 1.535(2) 
C(18)-C(19) 1.382(1) C(64)-C(65) 1.347(2) 
C(19)-C(20) 1.351(9) C(68)-C(69) 1.67(2) 
C(19>C(25) 1.564(8) 0(6)-C(72) 1.46(4) 
C(21>C(23) 1.520(1) 0(6)-C(71) 1.78(5) 
C(21)-C(22) 1.520(1) 0(7>C(73) 1.54(4) 
C(21>C(24) 1.550(1) 0(7)-C(74) 1.61(3) 
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C(25VC(26) 1.382(1) C(72yC(73) 1.60(4) 
C(25>C(28) 1.454(1) C(74)-0(7)#l 1.61(3) 
C(25)-C(27) 1.536(2) 
N(3)-Yb(l)-N(2) 107.96(19) C(29VC(3QVC(35) 122.0(6) — 
N(3)-YbCl)-N(l) 105.79(18)— C(32)-C(31>C(3Q) 125.6(7) 
1SK2)-Yb(l)-N(l) 96.0(2) C(31>C(32)-C(33) 118.5(7) 
N(3)-Yb(l)-C(47) 124.02(18) C(34)-C(33)-C(32) 116.9(7) 
N(2>Yb(l)-C(47) 91.2(2) C(34>C(33)-C(39) 123.2(6) 
Na>Yb(l>C(47) 124.35(187" C(32)-C(33>C(39) 119.8(6) 
NQ)-Yb(l)-C(45) 108.9(2) C(33>C(34)-C(29) 127.1(6) 
NA)-YBA)-C(45) 137.25(18) C(30)-C(35>C(36) 111.6(6) ^ 
N(l)-Yb(l>C(45) 94.2(2) C(30)-C(35>C(38) 111.1(7) | 
C(47>Yb(l>C(45) 49.9(2) C(36)-C(35)-€(38) 109.0(6) � 
NO)-Yb(l>C(46) 137.2(2) C(3Q)-C(35)-C(37) 110.8(6) I 
NQ)-Yba>C(46) 106.30(19) C(36)-C(35)-C(37) 106.4(7) ’ 
N(l)-Yb(l>C(46) 95.25(19) C(38)-C(35)-C(37) 107.6(6) 
C(47>Yb(l)-C(46) 30.97(19) C(40')-C(39)-C(33) 107.1(12) 
C(45)-Yba)-C(46) 31.3(2) C(40')-C(39)-C(42) 121.8(10) lj|： 
NP)-Yb(l)-C(44) 85.89(19) C(33VC(39)-C(42) 112.9(7) 
N(2>Yb(l>C(44) 136.4(2) C(40')-C(39)-C(41) 92.7(12) 
Na>Yba)-C(44) 120.3^) C(33)-C(39)-C(41) 113.1(6) 
C(47)-Yb(l)-C(44) 49.5(2) C(42)-C(39)-C(41) 107.7(10) ：)(| 
C(45VYb(l)-C(44) 30.43(16) C(4Q')-C(39)-C(4Q) 32.2(10) n； 
C(46>YbO>C(44) 51.4308) Q33)-C(39)-C(40) 104.3(10) �彳:'| 
N(3)-Yb(l)-C(43) 93.89(17) Q42K:(39)-Q40) 96.3(8) | | 
N(2VYb(1)-C(43) 106.2(2) C(41)-C(39)-C(4Q) 121.5(10) | 1 
Na>Yba>C(43) 144.1(2) C(47)-C(43)-C(44) 104.7(5) ,SJ 
C(47VYb(l)-C(43) 30.39(16) C(47)-C(43)-Si(l) 126.8(5) 
C(45)-Yba)-C(43) 50.6(2) _ C(44>C(43>Si(l) 128.2(4) 
C(46>Yb(l)-C(43) 51.90(17)~ C(47)-C(43)-Yb(l) 71.8(3) 
C(44)-Yb(l)-C(43) 30.3(2) 一 C(44)-C(43)-Yb(l) 73.8(4) 
"C^-Si ( l ) -C(49) 112.2(3) Si(l)-C(43>Yb(l) 123.3(3) 
C(43VSi(l)-C(50) 108.0(3) C(45)-C(44)-C(43) 109.1(5) 
C(49)-Si(l)-C(5Q) 107.1(4) C(45>C(44)-Yb(l) 73.4(4) 
a43VSi(n-C(48) 108.0(4) C(43)-C(44)-Yb(l) 75.9(4) 
C(49)-Si(l)-C(48) 110.4(4) C(44>C(45)-C(46) 110.2(6) 
C(5Q)-Si(l)-C(48) 111.0(4) C(44>C(45)-Yb(l) 76.2(4) 
C(46)-Si(2)-C(52) 109.6(4) C(46)-C(45)-Yb(l) 75.5(4) 
€(46VSi(2)-C(53) 109.2(4) C(47)-C(46)-C(45) 102.5(5) 
C(52)-Si(2)-C(53) 110.9(5) C(47>C(46)-Si(2) 129.9(5) 
C(46VSi(2)-C(51) 111.3(3) C(45)-C(46)-Si(2) 127.0(5) 
a52VSi(2)-C(51) 109.2(4) C(47VC(46)-Yb(l) 72.8(3) 
a53)-Si(2)-C(51) 106.7(4) C(45)-C(46)-Yb(l) 73.3(3) 
C(l)-N(l>Yb(l) 134.5(5) Si(2)-C(46>Yb(l) 123.8(3) 
"ca5VN(2)-Yb(l) 142.6(4) C(43)-C(47)-C(46) 113.4(6) 
a29VN(3VYb(l) 134.8(4) C(43)-C(47)-Yb(l) 77.8(3) 
" ^ - C ( l ) - N ( l ) 116.7(6) C(46)-C(47)-Yb(l) 76.2(3) 
"C^-C(1)-C(2) I 120.1(7) I C(62)-0⑴-C(61) | 103.8(7) 一 
71 
^ 
N(l)-C(l)-C(2) 123.1(7) C(62)-0(l>Li(l) 115.8(7) 
C(3)-C � - C ( l ) 115.0(7) C(61V0(l)-Li(l) 138.3(7) 
C(3VC(2)-C(7) 122.7(7) C(63)-0(2)-C(64) 114.1(7) 
C � - C � - C ( 7 ) 122.2(7) C(63)-0(2)-Li(l) 113.9(6) 
C(4)-C(3)-C(2) 124.4(8) C(64)-Q(2VLi(l) 122.6(6) 
G(3)-C(4)-C(5) 120.9(8) C(65)-0(3VC(66) 116.8(8) 
C(6>C(5)-C(4) 117.4(8) C(65)-0(3)-Li(l) 108.1(6) 
C(6)-C(5)-C(ll) 119.3(6) C(66)-0(3)-Li(l) 135.1(7) 
C(4)-C(5)-C(LL) 123.3(7) C(68)-0(4)-C(67) 152.0(9) 
C(5>C(6)-C(1) 121.6(7) C(68)-0(4)-Li(l) 90.4(8) 
C(1Q)-C(7)-C(9) 112.0(9) C(67)-0(4)-Li(l) 117.0(7) ^ 
C(10)-C(7)-C(2) 111.8(6) C(7Q)-0(5)-C(69) 174.2(14) 
C(9)-C(7)-C(2) 111.0(7) C(70)-0(5)-Li(l) 104.9(12) 
C(1Q>C(7)-C(8) 105.8(7) C(69VO(5)-Li(l) 79.4(8) I 
C(9)-C(7)-C(8) 108.1(6) 0(2>Li(l)-0(5) 123.8(8) ：丨 
C(2)-C(7)-C(8) 107.9(8) 0(2)-Li(l)-0(4) 123.0(8) � 
C(13)-C(11>C(14) 120.9(11) 0(5>Li(l)-Q(4) 112.8(7) 
C(13)-C(ll)-C(12) 117.7(10) 0(2)-Li(l)-0(l) 77.5(5) J 
C(14)-C(ll)-C(12) 95.5(8) 0(5)-Li(l)-0(I) 103.1(7) ：丨’ 
C(13>C(11)-C(5) 105.7(8) 0(4)-Li(l)-0(l) 96.5(6) ;; 
C(14>C(11)-C(5) 107.2(8) 0(2>Li(l)-0(3) 73.9(5) 、丨 
C(12>C(11>C(5) 109.1(8) 0(5)-Li(l)-0(3) 98.2(6) ^ 
N(2)-C(15)-C(20) 117.8(6) Q(4>Li(l)-Q(3) 93.5(6) :’ I 
N(2)-C(15)-C(16) 125.7(5) 0(l>Li(l)-0(3) 150.7(7) 
C(20>C(15)-C(16) 116.5(6) 0(2)-Li(l)-C(69) 161.4(9) | 
C(17)-C(16)-C(15) 118.0(5) Q(5)-Li(l)-C(69) 40.6(4) 
C(17>C(16)-C(21) 119.4(6) 0(4)-Li(l>C(69) 72.5(5) § 
C(15)-C(16)-C(21) 122.4(6) 0(l>Li(l)-C(69) 112.9(7) 
C(18>C(17)-C(16) 122.9(7) 0(3)-Li(l>C(69) 96.4(5) 
C( 17)-C( 18)-C( 19) 121.0(7) 0(2)-Li( 1 )-C(68) 158.2(9) 
C(20)-C(19>C(18) 117.3(6) 0(5)-Li(l)-C(68) 77.2(6) 
C(20)-C(19)-C(25) 121.0(7) 0(4)-Li(l)-C(68) 35.6(4) 
C(18)-C(19>C(25) 121.6(6) Q(l)-Li(l)-C(68) 105.0(6) 
C(19)-C(20)-C(15) 124.2(6) 0(3)-Li(l)-C(68) 99.1(5) 
C(23)-C(21>C(22) 104.5(6) C(69>Li(l)-C(68) 37.1(5) 
C(23)-C(21)-C(16) 114.3(6) C(63>C(62)-0(1) 99.8(7) 
C(22)-C(21)-C(16) 111.7(6) 0(2)-C(63)-C(62) 114.6(9) 
C(23)-C(21)-C(24) 104.6(6) C(65>C(64)-0(2) 102.9(8) 
C(22>C(21)-C(24) 111.4(6) C(64)-C(65)-0(3) 117.6(10) 
C(16)-C(21)-C(24) 110.0(5) Q(4)-C(68)-C(69) 114.7(9) 
C(26)-C(25)-C(28) 114.3(9) 0(4)-C(68)-Li(l) 54.0(6) 
C(26>C(25)-C(27) 105.5(10) C(69)-C(68)-Li( 1) 61.2(7) 
C(28>C(25)-C(27) 102.0(9) Q(5>C(69)-C(68) 140.1(11) 
C(26>C(25)-C(19) 114.0(7) 0(5)-C(69)-Li(l) 60.0(8) 
C(28)-C(25)-C( 19) 113.6(7) C(68)-C(69)-Li( 1) 81.7(8) 
C(27)-C(25)-C(19) 106.0(7) C(72>Q(6)-C(71) 109(2) 
N(3)-C(29)-C(34) 116.9(5) C(73)-0(7)-C(74) 105(2) 
"Nffl-C(29)-CP0) 126.805i (X6)-C(72KX73i 112口^ 
72 
^ 
C(34)-C(29VC(30) 116.3(5) 0(7K:(73)-C(72) 105(2) 
C(31)-C(3Q)-C(29) 115.7(7) Q(7)#l-C(74)-Q(7) 180(2) 















3.5 Synthesis and Structural Characterization of 
Yb(NHAr)3(NH2Ar) (L) 
Treatment of Yb(NHAr)3(THF)„ (8 or 10) with 1 equiv of n-BuLi in hexane 
•-‘ 
gave, after many times recrystallization from a hexane solution, 
Yb(NHAr)3(NH2Ar)(THF)„ (15 or 21) in 59-65% yield (Eq. 3-11). These two 
complexes may be resulted from a partial hydrolysis of the corresponding imido ^ 
‘、 
4 compound during the recrystallization processes. ， 
1 
Yb(NHAr)3(THF)^ +n-BuLi -
H2O ‘[Yb(NHAr)2(NAr)Li(THF)2] ~ - ~ -
Yb(NHAr)3(NH2Ar)(THF)^ (3-11) � 
'\ i ‘ 
AT = C6H3'Pr2-2,6, n = 2, m 二 0 (15) u" 
Ar = C6H3'Bii2-2，:5，n = 3，m = 2 (21) 
P ： 
Both compounds 15 and 21 were characterized by IR, H^ and ^^ C NMR, and 
X-ray analyses. Their molecular structures are shown in Figures 3-10 and 3-11， 
respectively. Bond distances and bond angles are given in Tables 3-10 and 3-11, 
respectively. Compound 15 has a distorted-tetrahedral structure. The Yb atom is 
bound to three arylanilino groups and one free arylaniline derivative. However, they 
are indistinguishable due to the positional disorder between NHAr" and NHz^r 
ligands. Therefore, the four Yb-N distances in 15 are similar, they are 2.214(4), 
2.211(6)，2.191(6) and 2.142(4) A. The average Yb-N distance is 2.190(6) A, which 




C(3) ^ c(7) 賓 CW3) 
I 
®C(33) 
Figure 3-10. Molecular Structure of Yb(NHC6H3'Pr2-2,6)3(NH2C6H3Tr2-2,6) 
(15) 
Similar to compound 15, three NHAr' and one NHjAr groups in 21 are 
indistinguishable due to the positional disorder. The average Yb-N distance of 
2.316(4) A is slightly longer than that of 2.190(6) A in 15 as the coordination number 
of Yb atom in 21 is higher than that in 15, which perhaps imply that Cgl^它U2-2，5 is a 






It-Figure 3-11. Molecular Structure of Yb(NHC6H3^U2-2,5)3(NH2QH3'Bu2- ； 
2,5)(THF)2 (21) _ 
3.6 Conclusion 
Various kinds of amido-lanthanide compounds have been synthesized. They 
are homoleptic and heteroleptic lanthanide amides. All of these new amido-
lanthanide compounds have been fully characterized by various spectroscopic data 
and single-crystal X-ray analyses. 
76 
^ 
Table 3-10. Bond Distances (A) and Bond Angles (�) for YbCNHQHsiPv 
2 ,6 ) 3 (NHAH3T r2 . 2 , 6 ) (15) 
Yb(l)-N(l) 2.142(4) C(19)-C(21) 1.370(2) 
Yb(l)-N(2) 2.191(6) C(19)-C(20) 1.463(1) 
Yb(l)-N(3) 2.211(6) C(22)-C(24) 1.56(3) 
Yb(l)-N(4) 2.214(4) C(22>C(23) 1.74(2) 
N(l)-C(l) 1.263(5) C(25)-C(26) 
N(2)-C(13) 1.347(6) C(25>C(30) 1.39 
N(3)-C(25) 1.370(6) C(26)-C(27) 1.39 
N(4)-C(38) 1.359(7) C(26)-C(31) 1.464(1) 5 
C(l)-C(6) 1.442(1) C(27)-C(28) L39 
C(l)-C(2) L48 C(28>C(29) 1.39 I 
C(2)-C(3) 1.477 - C(29>C(3Q) 1.39 1 
C(2)-C(7) 1.523(1) 一 C(30)-C(34) 1.527(5) 
C(3)-C(4') 1.08(3) C(31)-C(32) 1.88(3) � 
C(3)-C(4) 1.664(2) C(31)-C(33) 1.89(3) 丨  
C(4VC(5) 1.287(2) C(31)-C(33') 1.90(3) ‘ ；1 
C(4')-C(5) 1.83(3) C(34)-C(35) 1.531(6) ？ 
C(5>C(6) 1.460(9) C(34)-C(36) 1.537(4) :� 
C(6)-C(10) 1.482(1) C(37>C(38) 1.320(9) y 
C(7>C(8) 1.531(2) C(37)-C(46) 1.428(1) 
C(7)-C(9) 1.62(2) C(37>C(42) 1.509(1) U：'! 
C(10)-C(12) 1.342(2) C(38>C(39) 1.461(1) 辛丨 
C(10>C(11) 1.555(2) C(39)-C(40) 1.493(1) ^ 
C(13)-C(14) L39 C(39)-C(43) 1.498(8) • 
C(13)-C(18) 1.39 — C(4Q)-C(41) 1.392(1) 
C(14)-C(19) 1.368(1) — C(41>C(42) 1.274(2) 
C(14)-C(15) L39 C(43)-C(44) 1.537(6) 
C(15)-C(16) 1.39 — C(43>C(45) 1.544(5) 
C(16)-C(17) 1.39 “ C(46)-C(47) 1.526(5) 
C(17>C(18) 1.39 ~"C(46)-C(48) 1.537(5) 
C(18)-C(22) 1.491(1) — 
N(l>Yb(l)-N(2) 118.2(2) C(13)-C(18>C(22) 1 2 0 . 8 ( 5 ) — 
N(l)-Yb(l)-N(3) 112.4(2) C(14)-C(19)-C(21) 101.0(9) 
N(2)-Yb(l)-N(3) 98.0(2) C(14)-C(19)-C(2Q) 129.8(10) 
N(l>Yb(l)-N(4) 94.99(17) C(21>C(19)-C(20) 103.8(12) 
N(2)-Yb(l)-N(4) 113.25(19) C(18>C(22)-C(24) 107.7(10) 
N(3>Yb(l)-N(4) 121.5(2) C(18)-C(22)-C(23) 114.4(11) 
C(l)-N(l)-Yb(l) 151.5(5) C(24)-C(22)-C(23) 133.6(12) 
C(13)-N(2)>Yb(l) 150.1(4) N(3)-C(25)-C(26) 123.2(4) 
C(25)-N(3)-Yb(l) 145.8(5) N(3>C(25)-C(30) 116.7(3) 
C(38>N(4)-Yb(l) 144.4(4) C(26)-C(25)-C(30) 120 
N(l)-C(l)-C(6) 121.1(4) C(27)-C(26>C(25) 120 
N(1>C(1)-C(2) 126.5(3) C(27>C(26)-C(31) 122.6(5) 
C(6)-C(l)-C(2) 112.2(3) C(25)-C(26>C(31) 117.4(5) 
"cp)-C(2>Cn) 126.5 Ca6>C(27)-C(28) 120 
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C(3>C(2)>C(7) 115.0(3) C(27VC(28)-C(29) 120 
C(1>C(2)-C(7) 118.5(3) C(30)-C(29)-C(28) TLO 
C(4')-C(3)-C(2) 117.8(10) C(29)-C(3Q>C(25) I W 
C(4')-C(3)-C(4) 28.3(15) C(29>C(30)-C(34) "1112(3) 
C(2>C(3)-C(4) 112.3(3) C(25)-C(3Q)-C(34) 121.7(3) 
C(4')-C(4)-C(5) 114.1(17) C(26)-C(31)-C(32) 117.5(14) 
C(4')-C(4)-C(3) 35.8(17) C(26>C(31)-C(33) 106.7(10) 
C(5)-C(4)-C(3) 118.1(8) C(32>C(31>C(33) 135.9(15) 
C(3)-C(4'>C(5) 119.1(16) C(26)-C(31)-C(33') 110.7(9) 
C(4)-C(5)-C(6) 123.7(11) C(32)-C(31 )-C(33') 116.9(13) 
C(6)-C(5)-C(4') 106.2(10) C(30)-C(34>C(35) 122.8(4) 
C(L)-C(6)-C(5) 125.6(7) C(30>C(34)-C(36) 93.6(4) | 
C(L)-C(6)-C(10) 120.1(5) C(35>C(34)-C(36) 103.9(4) 二 
C(5)-C(6)-C(1Q) 114.3(8) C(38)-C(37)-C(46) 123.8(7) I 
C(2)-C(7)-C(8) 113.9(9) C(38>C(37)-C(42) 116.3(9) ：丨 
C(2)-C(7)-C(9) 106.2(12) C(46>C(37)-C(42) 119.6(7) 
C(8)-C(7>C(9) 113.1(11) C(37>C(38)-N(4) 124.1(7) ‘ 
C(12)-C(1Q)-C(6) 103.8(8) C(37>C(38)-C(39) 120.8(6) ]| 
C(12>C(10)-C(11) 104.5(11) N(4)-C(38)-C(39) 114.9(5) 
C(6)-C(10>C(11) 123.9(7) C(38)-C(39)-C(4Q) 112.8(7) 
N(2>C(13)-C(14) 117.5(4) C(38)-C(39)-C(43) 122.1(5) � 
N(2)-C(13)-C(18) 122.1(4) C(4Q)-C(39)-C(43) 124.9(8) ；)/| 
C(14)-C(13)-C(18) 120 C(41)-C(40)-C(39) 128.3(12) 
C(19)-C(14)-C(15) 117.5(4) C(42>C(41)-C(40) 108.1(9) TR| 
C(19>C(14)-C(13) 122.2(4) C(41>C(42)-C(37) 130.8(10) 串丨 
C(15>C(14)-C(13) 120 C(39)-C(43)-C(44) 113.5(4) |J 
C(14>C(15)-C(16) 120 C(39>C(43)-C(45) 115.4(5) ^ 
C(17)-C(16VC(15) 120 C(44)-C(43)-C(45) 103.4(4) 
C(16)-C(17)-C(18) 120 C(37)-C(46)-C(47) 110.2(5) 
C(17)-C(18VC(13) 120 — C(37)-C(46)-C(48) 123.8(7) 
C(17)-C(IS)-C(22) 119.1(5) (X47KX46KX48I 
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Table 3-11. Bond Distances (A) and Bond Angles (。）for YbCNHCsH]它 
2 , 5 ) 3 _ A l V B u r 2 , 5 ) ( T H F ) 2 (21) 
Yb � - N ( 2 ) # l 2.284(4) C(18)-C(19) 1 . 3 2 1 ( 1 ) — 
Yb(l)-N(2) 2.284(4) C(19)-C(20) 1.334(9) 
Yb(l)-0(1)#1 2.348(3) C(2Q)-C(25) 1.527(8) 
Yb(l)-0(1) 2.348(3) C(21)-C(23) 1.528(5) 
Yb(l)-N(l)#l 2.347(4) C(21)-C(22) 1.533(5) 
Yb(l)-N(l) 2.347(4) C(21>C(24) 1.535(5) 
N(1>C(1) 1.331(6) C(25)-C(27) 1.470(1) 
N(2)-C(15) 1.362(6) C(25>C(28) 1.480(8) | 
0(1)-C(29) 1.409(7) C(25)-C(26) 1.565(9) 
Q(1>C(32) 1.497(1) C(29)-C(30') 1.429(9) I 
C(l)-C(6) 1.396(6) C(3Q>C(3Q') 0.73(2) 1 
C(l)-C(2) 1.424(7) C(30>C(31) 0.98(3) ,： 
C(2)-C(3) 1.318(8) C(3Q)-C(31') 1.71(2) 
C(3)-C(4) 1.451(7) C(3Q')-C(31) 1.51(2) 
C(3)-C(7) 1.575(8) C(31>C(3r) 1.33(3) { 
C(4>C(5) 1.433(8) C(31>C(32) 1.561(1) 
C(5)-C(6) 1.445(8) 0(2)-C(33) 1.417(6) � : 
C(6)-C(ll) 1.525(8) 0(2>C(36) 1.432(6) n/| 
C(7)-C(9) 1.339(1) C(33)-C(34) 1.539(5) 
C(7)-C(10) 1.449(1) C(34)-C(35) 1.537(6) til 
C(7)-C(8) 1.555(1) C(35>C(36) 1.539(5) % 
C(7)-C(8') 1.570(1) Q(3)-C(37) 1.355(2) jS 
C(8')-C(10) 1.992(2) 0(3)-C(4Q) 1.370(1) IJ 
C(ll)-C(12) 1.497(8) C(37)-C(38) 1.512(2) 
C(ll)-C(13) 1.562(9) C(38>C(39) 1.290(2) 
C(ll)-C(14) 1.584(1) C(39>C(4Q) 1.503(2) 
C(15)-C(16) 1.390(7) 0(4)-C(44) 1.416(6) 
C(15VC(2Q) 1.470(8) 0(4)-C(41) 1.422(5) 
C(16)-C(17) 1.426(7) C(41>C(42) 1.534(6) 
C(17)-C(18) 1.341(9) C(42)-C(43) 1.532(5) 
C(17)-C(21) 1.450(7) C(43)-C(44) 1.537(6) 
N(2)#l-Yb(l)-N(2) 81.5(2) C(13)-C(ll)-C(14) 105.9(5) 
N(2)#l-Yb(l)-0(1)#1 83.62(18) N(2)-C(15)-C(16) 117.0(4) 
N(2)-Yb( 1 )-Q( 1)#1 93.86(18) N(2)-C( 15)-C(20) 125.6(4) 
N(2)#l-Yb(l)-0(1) 93.86(18) C(16)-C(15)-C(2Q) 117.5(4) 
N(2)-Yb(l)-0(1) 83.62(18) C(15)-C(16)-C(17) 123.0(4) 
Q(l)#l-Yb(l)-Q(l) 176.7(3) C(18)-C(17)-C(16) 113.4(5) 
N(2)# 1 -Yb( 1)-N(1)#1 166.32(14) C( 18)-C( 17)-C(21) 125.8(5) 
N(2)>Yb( 1 )-N( 1)#1 98.02(14) C( 16>C( 17)-C(21) 120.6(4) 
0(1)#1-Yb(l)-N(l)#l 82.77(19) C(19>C(18)-C(17) 126.6(6) 
Q( 1 )-Yb( 1 )-N( 1)#1 99.69( 19) C( 18)-C( 19)-C(20) 122.9(6) 
N(2)# 1 -Yb( 1 )-N( 1) 98.02(14) C( 19>C(2Q)->C( 15) 116.5(5) 
N(2>Yb(l>-N(l) 166.32(14) C(19)-C(2Q)-C(25) 122.1(5) 
"Q(f)#l-Yb(l>N(l) 99.69(19) | a i5KX20KX25i 121.4^0 
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0(lVYb(l)-N(l) 82.77(19) C(17)-C(21)-C(23) 118.0(3) 一 
N(l)#l-Yb(lVN(l) 85.6(2) C(17)-C(21>C(22) 108.1(4) 
C(l)-N(lVYb(l) 140.4(3) C(23)-C(21)-C(22) 104.6(4) 
C(15>N(2)-Yb(l) 135.9(3) C(17>C(21)-C(24) 115.9(4) 
C(29)-0(l)-C(32) 110.2(4) C(23)-C(21)-C(24) 104.8(3) 
C(29>0( 1 >Yb(l) 131.1(4) C(22)-C(21 )-C(24) 104.1(3) 
C(32)-0(lVYb(l) 118.5(4) C(27)-C(25)-C(28) 116.5(5) 
N(1>C(1)-C(6) 124.3(5) C(27)-C(25)-C(20) 112.3(5) 
N(l)-C(l)-C(2) 118.4(4) C(28)-C(25)-C(2Q) 110.3(5) 
C(6>C(1)-C(2) 117.3(5) C(27)-C(25)-Ca6) 103.3(6) 
C(3)-C(2)-C(l) 127.5(5) C(28)-C(25)-C(26) 102.2(5) 
C(2)-C(3)-C(4) 118.6(5) C(20)-C(25>C(26) 111.7(5) 巧 
C(2)-C(3>C(7) 122.5(5) 0(1)-C(29)-C(3Q') 110.3(5) 
C(4)-C(3)-C(7) 118.4(5) C(30 丨)-C(30)-C(31) 124(3) | 
C(5)-C(4)-C(3) 114.9(5) C(31)-C(3Q)-C(3r) 50.8(18) 1 
C(4)-C(5)-C(6) 124.8(5) C(3Q>C(30')-C(29) 99.9(18) / 
C �-C(6) -C(5 ) 116.5(5) C(3Q)-C(3Q')-C(31) � 
C(1>C(6)-C(11) 126.2(5) C(29)-C(30’)-C(31) 102.6(10) 1 
C(5>C(6)-C(11) 117.3(5) C(30)-C(31>C(3r) 
C(9)-C(7)-C(10) 119.7(8) C(3Q)-C(31>C(30') 23.7(15) , 
C(9>C(7)-C(8) 100.5(8) C(31)-C(31')-C(32) 73.2(11) :� 
C(1Q)-C(7)-C(8) 113.2(6) C(31>C(31')-C(3Q) 34.8(12) 乂丨 
C(9)-C(7)-C(3) 112.1(6) C(32)-C(3r)-C(30) 89.2(9) :;�丨 
C(1Q)-C(7)>C(3) 102.2(5) 0(1>C(32)-C(3R) 104.1(6) I' 
C(8)-C(7)-C(3) 109.1(6) C(33>0(2)-C(36) 109.8(4) 
C(9>C(7)-C(8') 123.4(8) 0(2)-C(33)-C(34) 93.5(4) t | 
C(1Q>C(7)-C(8') 82.5(6) C(35>C(34)-C(33) 103.8(3) 恕 
C(8>C(7)-C(8') 31.3(6) C(34)-C(35)-C(36) 103.2(3) 
C(3)-C(7)-C(8') 112.2(6) 0(2)-C(36)-C(35) 85.9(4) 
C(8)-C(8')-C(7) 73.3(12) C(37)-0(3)-C(40) 107.6(8) 
C(8)-C(8>C(1Q) 118.7(14) Q(3)-C(37)-C(38) 112.1(10) 
C(7)-C(8')-C(1Q) 46.1(5) C(39)-C(38)-C(37) 99.4(10) 
C(8>C(8)-C(7) 75.3(12) C(38)-C(39)-C(4Q) 114.0(11) 
C(7)-C(10)-C(8') 51.4(5) 0(3>C(40)-C(39) 103.5(9) 
C(12>C(11VC(6) 115.1(5) C(44)-0(4)-C(41) 110.4(4) 
C(12)-C(ll)-C(13) 108.2(6) Q(4)-C(41)-C(42) 109.2(3) 
C(6)-C(ll)-C(13) 110.7(5) C(43)-C(42>C(41) 104.4(3) 
C(12)-C(11>C(14) 108.9(6) C(42)-C(43)-C(44) 104.3(3) 
C(6>C(11)-C(14) 107.7(5� Q(4)-C(44)-C(43) 108.6^3^ 
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Chapter 4. Synthesis and Structural Characterization of 
Imido-Lanthanide Compounds 
� In chapter 3，we have discussed the synthesis and structural characterization 
of lanthanide-amide compounds. We now turn our attention to lanthanide-imide 
compounds. 
4.1 Synthesis I i 
Yb(NHC6H3Tr2-2,6)2(/^-NHC6H3i>r2-2,6)2Na(THF) (9) reacted with 2 equiv | 
••’h.., 
of n-BuLi in THF at room temperature to give a red complex, [Yb( / / -NHC6H3'Pr2- : 
I ‘ 
2，6)0"NC6H3iPr2-2，6)(/^ 3-NC6H3i^ r2-2,6)Li(THF)Na(THF)]2 (17) in 47% yield (Eq., i | 
.•： ：:r 
4-1). It is soluble in hexane. The ^H and ^^ C NMR spectra indicated the presence of '/： 
丨.、丨 Tr group, aryl ring and THF. This compound has been subjected to X-ray diffraction 
study. ：：' 
THF t Yb(NHC6H3'Pr2-2，6)2("-:NHC6H3'Pr2-2,6)2Na(THF) + 2 "^ BuLi 
[Yb("-NHC6H3'Pr2-2，6)0-NC6H3'Pr2-2’6)("3-NC6H3i>r2-2,6)Li(THF)Na(THF)]2 (4-1) 
17 
Treatment of Yb(NHCA'Pr2-2,6)2(//-NHC6H3i'r2-2,6)2Na(THF) (9) with 3 
equiv of n-BuLi in THF at room temperature gave [Yb( ju s-NCgHgl^rs-
2，6)3Li2(THF)Na(THF)]2 (18) in 80% yield (Eq. 4-2). It is soluble in hexane. The ^H 
and 13�NMR spectra indicated the presence of Tr group, aryl ring and THF. Its 




Yb(NHC6H3卞r2-2,6)2("-NHC6H3'Pr2-2,6)2Na(THF) + 3 ^BuLi • 
[Yb( /^3-NC6H3^Pr2-2,6)3Li2(THF)Na(THF)]2 (4-2) 
� 18 -,‘ 
4.2 Structural Characterization 
The solid-state structures of compounds 17 and 18 are shown in Figures 4-1 � 
and 4-2，respectively. Bond distances and bond angles are given in Tables 4-1 and 4- , 'I 
2, respectively. Both compounds are dimers. 
Each Yb3+ ion in compound 17 is -bound to two doubly bridging arylimido, ' 
I ‘ 
one doubly bridging arylamido and one triply bridging arylimido groups in a 
I distorted-tetrahedral geometry. Imido group carries two negative charges so it prefers i \ \ 
. 'A 
to coordinate to metal ion than amido group. For examples，(//3-NPh) group in ； 
- ， _ i 丨、•‘ 
[Yb^ C A - ^^-Ph^NAC A3-PbN),(THF),r-^ and (/^4-NH) group in [ { ( ^ ' - A r | 
I 
C9H6SiMe2NH)Ln}2( /^3-Cl)(THF)]2( /vNHXnTHF广"coordinate to three metal ions S 
and four metal ions, respectively. N(3) and N(6) in 17 coordinate to three metal ions, 
therefore they are imido groups. Generally speaking, a bridging bond distance is 
approximately 0.1 A longer than the terminal one. For example, the average Sm-
0( jLL -OC6H3iPr2-2,6) distance of 2.249(6) A in (C5Me5)Sm(OQH3'Pr2-2,6)( /u -
OC6H3iPr2-2，6)2Li(THF)4-3 is 0.105 A longer than the average Sm-O(tenninal) 
distance of 2.144(6) A. The average Yb-N(Yb-N.Yb) distance in 17 is 2.248(4) A, 
which is 0.05-0.07 入 ionger than that of Yb-N(4) and Yb-N(5) distances. The C-N-
Yb angles for N(3) and N(6) are significantly larger than those for N(4) and N(5). 
These parameters suggest that N(2)，N(l), N(3) and N(6) are imido N atoms while 
N(4) and N(5) are amido N atoms. The Yb-N(3) and Yb-N(6) bond distances are 
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2.098(4) and 2.127(4) A, respectively. They are among the shortest Yb-N bond 
distances. The Yb-N(3) (2.098(4) A) and Yb-N(6) (2.127(4) A) distances are 
considerably shorter (7.46% and 6.18%) than the average Yb-N(/^-NHQH3^>r2-2,6) 
distance of 2.267(2) A in Yb(NHQH3'Pr2-2,6)2(//-NHC6H3TT2-2,6)2Na(THF) (9). 
This indicates some multiple bond character between Yb and N(3) or N(6). The 
C(25)-N(3)-Yb(l) and C(61)-N(6)-Yb(2) angles are 172.7(3)�and 172.3(3)。， 
respectively. Such a linearity indicates that Yb(l)-N(3) and Yb(2)-N(6) should have � 
I ) .1 
some multiple bonding character. In the case of [(Me3Si)2N]3U(NSiMe3)F, the 
linearity of imido group has been described as an indication of multiple bonding 
11 .be tween uranium and nitrogen The Li+ ion is coordinated to one doubly bridging ,；'； 
, 1 
arylamido, one triply bridging arylimido and one THF molecule. The Li-N distances 
are 2.058(9) and 2.063(9) A, respectively. The Na+ ion is coordinated to one triply 
'T I bridging arylimido, one THF molecule and bound to the carbon atoms of the Si 
aromatic rings of both arylimido and arylamido ligands. The Na-N( ^ 3-NC6H3l^r2-2,6) 细 r 
distance is 2.459(4) A, which is much longer than the Yb-N and Li-N distances in the 
molecule. The average Na-C distance is 2.790(5) A, which is comparable to the 








•Mi . i -
！ 
j 
.？' Figure 4-1. Molecular Structure of [Yb(//-]SIHC6H3Tr2-2,6)(//-NC6H3Tr2- ) 
丨N 
2,6)(//3-NQH3^^v2,6)Li(THF)Na(THF)]2(17) >(! 
丨‘丨 "T i 
The Yb3+ ion in compound 18 is ^-bound to four triply bridging arylimido | 
ligands in a distorted-tetrahedral geometry. This molecule has a crystallographically | | 
imposed inversion center. The Yb-NCYbjNj unit) distances are 2.291(13) and 
2.302(13) A with an average value of 2.297(1) A that is slightly longer than that of 
2.248(3) A in 17. The Yb-N(Yb-N-Li(Na) unit) distances are 2.126(1) A and 2.123(2) 
A, respectively, which are slightly longer than that of 2.113(4) A in 17. The Yb-N(2) 
bond distance of 2.123(2) A is the shortest Yb-N distance in the compound. It is 
about 6.35% shorter than the average Yb-N( distance of 2.267(2) 
k in Yb(NHC6H3l>r2-2,6)2(A-NHC6H3l>r2-2,6)2Na(THF) (9). The C(13>N(2)-Yb(l) 
and C(25)-N(3)-Yb(l) angles are 167.6(1)�and 171.2(1)。，respectively. These 
parameters suggest the presence of some multiple bond character in compound 18. 
The coordination environment for two Li+ ions is different, one with THF and the 
other without THF. The average Li-N distance of 2.02(4) A is comparable to that in 
84 
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17. The Li+ has some interactions with the carbon atoms of the aromatic rings at an 
average distance of 2.46(4) A. The Na-N and Na-0 distances are 2.461(2) and 
2.288(2) A, respectively. The Na+ ion also has some interactions with the carbon 
atoms of the aromatic rings at an average distance of 2.793(1) A that is very close to 
the value of 2.790(5) A found in 17. 
3 CM31 
_ 1 
Figure 4-2. Molecular Structure of [Yb(3-NC6H3TPr2-2’6)3Li2(THF)Na-
(THF)L 18 
4.3 Conclusion 
Two new imido-lanthanide compounds are successfully prepared. Their 
molecular structures have been confirmed by various spectroscopic data and X-ray 
diffraction studies. Structural parameters suggest the presence of some multiple bond 
character in these two imido-lanthanide compounds. 
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Table 4-1. Bond Distances (A) and Bond Angles (�) for [Yb(//-NHC6H3Tr2-2,6)(//-
N C A ^ r 2 . 2 , 6 ) ( / / 3 - N C A T r 2 - 2 , 6 ) L i ( T H F ) N a ( T H F ) ] 2 ( 1 7 ) 
Yb(l)-N(3) 2.098(4) C(3Q)-C(34) 1.549(7) 
Yb(l>N(4) 2.172(4) C(31)-C(32) 1.462(8) 
Yb(l)-N(2) 2.292(4) C(31)-C(33) 1.509(7) 
Yb(l)-N(l) 2.317(3) C(34)-C(35) 1.423(1) 
Yb(l>Li(l) 2.840(8) C(34)-C(36) 1.546(8) 
Yb(l)-C(l) 3.181(4) N(4)-C(37) 1.350(7) 
Yb(l)-Yb(2) 3.341(6) C(37>C(38) 1.418(8) 
Yb(l)-Na(l) 3.594(2) C(37>C(42) 1.431(7) � 
Yb(2)-N(6) 2.127(4) C(38>C(39) 1.346(9) 1 ；.^ 
Yb(2>N(l) 2.167(3) — C(38)-C(43) 1.470(8) I 
Yb(2>N(5) 2.199(5) C(39)-C(40) 1.445(1) � 
Yb(2)-N(2) 2.216(3) C(4Q>C(41) 1.384(9) 
Yb(2>Li(2) 2.816(8) C(41)-C(42) 1.356(8) � 
Yb(2>C(13) 3.173(2) C(42)-C(46) 1.582(8) ]丨 
Yb(2)-Na(2) 3.630(2) C(43K(44) 1.365(1) 丨,丨 
Na(l)-0(1) 2.324(3) C(43)-C(45) 1 . 3 8 3 � : 
Na(l)-N(3) 2.459(4) C(46)-C(48) 1.408(1) 'v 
Na(l)-C(25) 2.689(5) C(46>C(47) 1.442(9) )/| 
Na � - C � 2.761(5) N(5)-C(49) 1^438(6) 
Na(l>C(l) 2.813(5) C(49)-C(5Q) 广 
Na(l)-C(26) 2.899(5) C(49)-C(54) 139 | 
Na(l>C(3) 2.949(6) C(50)-C(51) y 
Na(l)-C(6) 3.012(5) C(5Q>C(55) 1-661(9) % 
Na(l>C(31) 3.022(6) C(51)-C(52) 139 
Na � - 0 ( 4 ) 2.319(3) C(52)-C(53) 0 9 
Na(2)-N(6) 2.466(4) C(53)-C(54) 
Na(2)-C(61) 2.628(5) C(54)-C(58) 1-577(9) 
Na(2)-C(14) 2.725(4) C(55)-C(56) 1.415(2) 
Na(2)-C(62) 2.867(5) C(55>C(57) 1.477(1) 
Na(2)-C(67) 2.930(6) C(58)-C(60) 1.526(1) 
Na(2)-C(18) 3.091(4) C(58)-C(59) 1-556(1) 
Li � - 0 ( 2 ) 1.940(8) N(6)-C(61) 1.361(6) 
Li(l)-N(4) 2.058(9) C(61>C(66) 1-401(7) 
Li(l)-N(3) 2.063(9) C(61)-C(62) 1.460(6) 
Li(l)-C(25) 2.534(1) C(62)-C(63) 1.448(7) 
Li(l)-C(37) 2.780(1) C(62)-C(67) 1.454(7) 
Li(2)-Q(3) 1.911(9) C(63)-C(64) 1.394(9) 
Li(2)-N(6) 1.992(1) C(64)-C(65) 1.324(8) 
Li(2)-N(5) 1.997(9) C(65)-C(66) 1.372(7) 
Li(2)-C(61) 2.464(1) C(66)-C(70) 1.616(7) 
N(l)-C(l) 1.386(5) C(67>C(69) 1.562(9) 
C(l)-C(2) 1.399(7) C(67)-C(68) 1.602(8) 
C(1>C(6) 1.435(7) C(70)-C(72) 1.508(9) 
CB)-C(3) 1.404口 I CAO>C(71) 1.566(8) 
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C(2)-C(7) 1.529(7) 0(1)-(：(76) 1.389(4) 
C(3)-C(4) 1331(8) Q(l)-C(73) 1.400(3) 
C(4)-C(5) 1.385(8) 0(2)-C(80) 1.411(4) 
C(5)-C(6) 1.394(7) O � - C ( 7 7 ) 1.419(3) 
C(6)-C(1Q) 1.571(7) Q(3)-C(84) 1.410(4) 
C(7>-C(9) 1.499(8) Q(3)-C(81) 1.408(3) 
C(7)-C(8) 1.526(7) 0(4)-C(88) 1 . 3 9 9 � 
C(10>C(11) 1.506(8) 0(4)-C(85) 1.413(4) 
C(10)-C(12) 1.535(9) C(73)-C(74) 1.518(4) 
N(2>C(13) 1.385(4) C(74)-C(75) 1.532(3) 
C(13)-C(14) C(75)-C(76) 1.523(4) 
C(13>C(18) 1.39 ~ ~ C(77>C(78) 1.513(4) ； 
C(14)-C(15) 1.39 一 C(78>C(79) 1.512(3) : 
C(14)-C(19) 1.535(6) 一 C(79)-C(80) 1.515(4) � 
C(15)-C(16) L ^ C(81)-C(82) 1.526(4) 
C(16)-C(17) 1.39 — C(82)-C(83) 1.513(3) 
C(17>C(18) 1.39 一 C(83)-C(84) 1.518(4) 
C(18)-C(22) 1.509(7) 一 C(85)-C(86) 1.526(4) 、； 
C(19)-C(210 1.475(7) C(86)-C(87) 1.520(4) • 
C(19>C(20) 1.519(8) C(87)-C(88) 1.513(4) ； 
C(22)-C(23) 1.504(9) C(89)-C(9Q) 1.544(5) <| 
C(22)-C(24) 1.564(9) C(89>C(9r)#l 1.622(8) ,jj 
N(3>C(25) 1.454(6) C(89)-C(91)#l 1.725(9) )丨 
C(25)-C(26) 1.417(6) C(89>C(91)#1 1.521(9) ,ri 
C(25)-C(30) 1.420(6) C(89')-C(9Q) 1.536(5) J丨丨 
C(26)-C(27) 1.439(7) C(90)-C(9R) 1.519(5) H 
C(26)-C(31) 1.515(7) C(90)-C(91) 1.555(5) | 
C(27)-C(28) 1.374(8) C(91)-C(89')#l 1.521(9) 
C(28)-C(29) 1.394(7) C(91)-C(89)#l 1.725(9) 
C(29)-C(3Q) 1.466(7) C(9r)-C(89)#l 1.622(8) 
N(3)-Yb(l)-N(4) 92.50(15) N(2)-C(13)-Yb(2) 36.37(15) 
N(3>Yb(l)-N(2) 149.26(14) C(14)-C(13)-Yb(2) 124.64(10) 
N(4)-Yb(l)-N(2) 97.27(15) C(18)-C(13)-Yb(2) 102.54(9) 
N(3)-Yb(l)-N(l) 110.98(12) C(15)-C(14>C(13) 
N � - Y b ( l ) - N ( l ) 135.99(15) C(15)-C(14)-C(19) 118.1(2) 
N(2)-Yb(l>N(l) 81.36(12) C(13)-C(14)-C(19) 121.9(2) 
N(3>Yb(l>Li(l) 46.5(2) C(15)-C(14>Na{2) 85.94(10) 
N(4)-Yb(l)-Li(l) 46.2(2) C(13VC(14>Na(2) 78.07(11) 
N(2)-Yb(l)-Li(l) 133.49(19) C(19)-C(14)-Na(2) 106.3(2) 
N(l)-Yb(l)-Li(l) 143.67( 19) C( 14>C( 15)-C( 16) 
N(3)-Yb(l)-C(l) 89.53(13) C(17)-C(16)-C(15) 
N(4)-Yb(l)-C(l) 133.41(15) C(16)-C(17)-C(18) 
N(2)-Yb(l)-C(l) 104.23(12) C(17)-C(18)-C(13) UO 
N(l>Yb(l)-C(l) 23.03(11) C(17)-C(18>C(22) 116.5(3) 
Li(l)-Yb(l)-C(l) 121.70(19) C(13)-C(18)-C(22) 123.1(3) 
N(3>Yb(l)-Yb(2) 144.45(9) C(17)-C(18>Na(2) 86.42(9) 
N(4)-Yb(l)-Yb(2) 122.60(12) C( 13)-C( 18)-Na(2) 64.54(9) 
NaVYba)-Yb(2) 41.30(9) C(22KX18)-NaGi 126.4(3) 
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N(lVYb(lVYb(2) 40.14(8) C(21>C(19)-C(20) 111.2(5) 
Li(l)-Yb(l)-Yb(2) 168.62(18) C(21>C(19)-C(14) 111.7(4) 
C(l>Yb(lVYb(2) 63.13(8) C(2Q)-C(19)-C(14) 114.3(4) 
N(3)-Yb(l)-Na(l) 41.61(10) C(23)-C(22>C(18) 116.0(5) 
N(4>Yb(l)-Na(l) 124.10(13) C(23)-C(22)-C(24) 112.2(5) 
N(2>Yb(l)-Na(l) 138.62(10) C(18)-C(22)-C(24) 113.1(5) 
N(l)-Yb(l)-Na(l) 69.38(9) C(25)-N(3)-Li(l) 90.5(3) 
Li(l>Yb(l>Na(l) 83.46(18) C(25>N(3)-Yb(l) 172.7(3) 
C(l)-Yb(l>Na(l) 48.59(10) Li �-N(3) -Yb( l ) 86.1(3) 
Yb(2)-Yb(l)-Na(l) 105.62(4) C(25)-N(3)-Na(l) 82.5(2) 
N(6)-Yb(2)-N(l) 146.50(14) Li(l)-N(3)-Na(l) 145.4(3) 
N(6)-Yb(2)-N(5) 89.51(16) Yb(l>N(3)-Na(l) 103.87(14) ； 
N(l)-Yb(2)-N(5) 104.04(15) C(26)-C(25)-C(30) 119.2(4) ；丨 
N(6)-Yb(2)>N(2) 108.26(13) C(26)-C(25>N(3) 118.6(4) • 
N(l>Yb(2)-N(2) 86.56(12) C(3Q)-C(25)-N(3) 121.8(4) 
N(5>Yb(2)-N(2) 129.81(16) C(26)-C(25)-Li(l) 98.2(3) 丨 
N(6)-Yb(2)-Li(2) 44.9(2) C(3Q>C(25)-Li(l) 110.7(3) 
N(l)-Yb(2)-Li(2) 136.3(2) N(3)-C(25)-Li(l) 54.5(3) L 
N(5)-Yb(2)-Li(2) 44.9(2) C(26)-C(25)-Na(l) 83.7(3) ：丨 
N(2)-Yb(2>Li(2) 135.8(2) C(3Q)-C(25>Na(l) 127.5(3) 
N(6>Yb(2)-C(13) 87.59(10) N(3>C(25)-Na(l) 65.0(2) <； 
N(l)-Yb(2)-C(13) 107.85(9) Li( 1 )-C(25)-Na( 1) 111.6(3) J 
N(5)-Yb(2)-C(13) 125.21(13) C(25)-C(26)-C(27) 115.8(4) 、丨 
N(2>Yb(2)-C(13) 21.76(10) C(25)-C(26)-C(31) 125.3(4) r j 
Li(2)-Yb(2)-C(13) 115.4(2) C(27)-C(26)-C(31) 118.9(4) � 
N(6)-Yb(2)-Yb(l) 143.45(10) C(25)-C(26)-Na(l) 67.2(2) 
N(l)-Yb(2)-Yb(l) 43.59(8) C(27>C(26)-Na(l) 130.3(3) , 
N(5)-Yb(2>Yb(l) 125.46(12) C(31)-C(26)-Na(l) 79.7(3) 
N(2)-Yb(2)-Yb(l) 43.05(9) C(28)-C(27)-C(26) 126.6(5) 
Li(2)-Yb(2)-Yb(l) 169.28(18) C(27>C(28)-C(29) 117.8(5) 
C(13)-Yb(2)-Yb(l) 64.62(4) C(28)-C(29>C(3Q) 118.5(5) 
N(6)-Yb(2)-Na(2) 41.19(10) C(25>C(30)-C(29) 121.6(4) 
N(l>Yb(2)-Na(2) U ^ 5 6 ( 9 ) C(25)-C(30)-C(34) 120.4(4) 
N(5)-Yb(2)-Na(2) 119.39(13) C(29)-C(30)-C(34) 116.9(4) 
N(2)-Yb(2)-Na(2) 67.35(10) C(32)-C(31>C(33) 111.2(5) 
Li(2)-Yb(2)-Na(2) 81.06(19) C(32)-C(31)-C(26) 114.5(4) 
C(13)-Yb(2)-Na(2) 47.88(5) C(33>C(31)-C(26) 108.8(5) 
Yb(l>Yb(2)-Na(2) 104.47(4) C(32)-C(31 )-Na( 1) 160.3(4) 
0(1)-Na(l)-N(3) 129.57(14) C(33)-C(31)-Na(l) 83.2(3) 
0(1)-Na(l)-C(25) 100.65(13) C(26)-C(31 )-Na( 1) 70.7(3) 
N(3)-Na(l)-C(25) 32.41(13) C(35>C(34)-C(36) 114.4(6) 
0(l>Na(l)-C(2) 104.19(15) C(35)-C(34>C(30) 112.9(5) 
N(3)-Na(l)-C(2) 115.33(15) C(36)-C(34)-C(30) 109.1(5) 
C(25)-Na(l)-C(2) 146.85(15) C(37>N(4)-Li(l) 107.5(4) 
0(l>Na(l)-C(l) 132.98(14) C(37)-N(4)-Yb(l) 161.8(4) 
N(3)-Na(l)-C(l) 91.87(14) Li(l>N(4)-Yb(l) 84.3(3) 
C(25)-Na(l)-C(l) 124.00( 15) N(4)-C(37)-C(3 8) 120.3(5) 
C(2)-Na(l)-C(l) 29.04(15) 丨 122.3^5� 
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0(l>Na(l)-C(26) 93.78(13) C(38VC(37)-C(42) 117.2(5) 
N(3>Na(l)-C(26) 54.12(12) N(4>C(37)-Li(l) 44.9(3) 
C(25)-Na(l)-C(26) 29.08(12) C(38)-C(37)-Li(l) 122.2(4) 
C(2)-Na(l)-.C(26) 160.96(18) C(42)-C(37>Li(l) 104.9(4) 
C(l)-Na(l)-C(26) 132.23(16) C(39)-C(38>C(37) 121.6(5) 
Q(l>Na(l>C(3) 85.34(15) C(39)-C(38)-C(43) 118.8(6) 
N(3)-Na(l>C(3) 141.70(17) C(37>C(38>C(43) 119.6(5) 
C(25>Na(l)-C(3) 173.93(18) C(38)-C(39)-C(40) 119.0(6) 
C(2>Na(l)-C(3) 28.22(14) C(41>C(40)-C(39) 120.9(6) 
C(l)-Na(l>C(3) 49.97(15) C(42)-C(41)-C(40) 118.8(5) 
C(26)-Na(l)-C(3) 152.52(16) C(41 >C(42)-C(37) 122.4(5) 
Q(l)-Na(l)-C(6) 136.17(13) C(41VC(42)-C(46) 117.0(5) ； 
N(3>Na(l)-C(6) 94.11(14) C(37)-C(42)-C(46) 120.6(5) 
C(25)-Na(i)-C(6) 119.78(15) C(44)-C(43)-C(45) 107.5(8) f 
C(2)-Na(l)-C(6) 48.93(15) C(44)-C(43)-C(38) 116.4(7) 丨  
C(l)-Na(l)-C(6) 28.27(14) C(45>C(43)-C(38) 112.2(6) 
C(26>Na(l)-C(6) 112.96(15) C(48)-C(46)-C(47) 108.6(7) 
C(3>Na(l)-C(6) 54.83(16) C(48)-C(46)-C(42) 103.6(6) 
0(1)-Na(l)-C(31) 107.35(15) C(47)-C(46)-C(42) 115.3(6) 
N(3)-Na(l>C(31) 65.15(13) C(49>N(5)-Li(2) 113.9(4) ,；"： 
C(25>Na(l>C(31) 53.89(13) C(49)-N(5)-Yb(2) 150.2(3) f 
C(2)-Na(l)-C(31) 134.57(18) Li(2)-N(5)-Yb(2) 84.2(3) J] 
C(l>Na(l)-C(31) 110.48(17) C(50>C(49)-C(54) 120 A 
C(26>Na(l)-C(31) 29.55(14) C(50)-C(49>N(5) 121.3(3) f 
C(3)-Na(l)-C(31) 125.38(17) C(54>C(49)-N(5) 118.4(3) ‘ 
C(6>Na(l>C(31) 85.88(15) C(51)-C(5Q>C(49) ‘ 
0(l)-Na(l>Yb(l) 152.07(10) C(51)-C(5Q)-C(55) 117.6(4) 释 
N(3VNa(l)-Yb(l) 34.51(9) C(49)-C(50)-C(55) 121.9(4) ‘ 
C(25)-Na(l)-Yb(l) 66.89(10) C(5Q>C(51>C(52) 
C(2>Na(l)-Yb(l) 81.05(11) C(51)-C(52)-C(53) 
C(l>Na(l)-Yb(l) 58.01(9) C(54)-C(53)-C(52) 120 
C(26)-Na(l)-Yb(l) 86.03(10) C(53)-C(54)-C(49) 120 
C(3)-Na(l>Yb(l) 107.30(13) C(53)-C(54)-C(58) 116.8(3) 
C(6)-Na(l)-Yb(l) 67.57(10) C(49>C(54)-C(58) 123.1(3) 
C(31)-Na(l)-Yb(l) 85.90(11) C(56)-C(55)-C(57) 108.6(9) 
0(4>Na(2)-N(6) 131.23(14) C(56)-C(55)-C(5Q) 115.8(7) 
Q(4)-Na(2>C(61) 103.92(14) C(57)-C(55>C(5Q) 107.1(7) 
N(6>Na(2>C(61) 30.79(13) C(6Q)-C(58)-C(59) 111-9(7) 
0(4)-Na(2)-C(14) 104.85(11) C(60>C(58)-C(54) 112.5(6) 
N(6>Na(2)-C(14) 114.15(12) C(59)-C(58)-C(54) 113.3(7) 
C(61)-Na(2)-C(14) 144.52(14) C(61)-N(6)-Li(2) 92.6(3) 
Q(4>Na(2VC(62) 95.41(14) C(61)-N(6)-Yb(2) 172.3(3) 
N(6)-Na(2)-C(62) 54.40(13) Li(2)-N(6)-Yb(2) 86.2(3) 
C(61>Na(2)-C(62) 30.42(13) C(61)-N(6)-Na(2) 81.2(2) 
C(14)-Na(2)-C(62) 157.99(15) Li(2)-N(6)-Na(2) 143.4(3) 
0(4)-Na(2)-C(67) 107.45(15) Yb(2)-N(6)-Na(2) 104.20(14) 
N(6)-Na(2)-C(67) 65.97(15) N(6>C(61)-C(66) 125.1(4) 
C(61)-Na(2VC(67) 54.49(15) N(6)-C(61)-C(62) 121.6(4) 
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C(14)-Na(2)-C(67) 132.22(15) C(66)-C(6\yC(62) 113.2(4) 
C(62)-Na(2)-C(67) 29.03(15) N(6)-C(61)-Li(2) 53.9(3) 
Q(4>Na(2)-C(18) 136.71(11) C(66)-C(61)-Li(2) 117.4(4) 
N(6>Na(2)-C(18) 91.86(12) C(62>C(61)-Li(2) 98.4(4) 
C(61)-Na(2)-C(18) 115.96(14) N(6VC(61>Na(2) 68.0(2) 
C(14)-Na(2>C(18) 48.40(5) C(66)-C(61)-Na(2) 123.1(3) 
C(62>Na(2)-C(18) 110.24(14) C(62)-C(61)-Na(2) 83.9(3) 
C(67)-Na(2>C(18) 84.23(13) Li �-C(61)-Na(2) 112.5(3) 
Q(4)-Na(2>Yb(2) 151.62(10) C(63)-C(62)-C(67) 117.3(4) 
N(6VNa(2)-Yb(2) 34.62(8) C(63>C(62VC(61) 120.0(4) 
C(61)-Na(2)-Yb(2) 65.32(10) C(67)-C(62)-C(61) 122.8(4) 
C(14>Na(2)-Yb(2) 79.55(7) a63K:(62VNa � 129.3(4) ： 
C(62)-Na(2)-Yb(2) 86.75(11) C(67)-C(62)-Na(2) 77.9(3) � | 
C(67)-Na(2>Yb(2) 87.94(12) C(61)-C(62)-Na(2) 65.7(2) I 
C(18>Na(2)-Yb(2) 66.87(7) C(64)-C(63)-C(62) 120.4(5) ：丨 
0(2>Li(l)-N(4) 122.3(5) Cr65VC(64VCf63) 118.7(5) 
0(2VLi(l)-N(3) 140.6(5) C(64)-C(65)-C(66) 122.4(5) 
N(4>Li(l)-N(3) 96.9(4) 0(65)-€(66)-€(61) 124.8(5) i,, 
Q(2>Li(l)-C(25) 105.7(4) C(65)-C(66)-Cm) 119.0(5) cj 
N(4)-Li(l)-C(25) 131.9 � a61) -a66K:(70) 116.2(4) , 
N � - L i � - C ( 2 5 ) 35.00(19) C(62)-C(67>C(69) 113.5(5) „fi 
0(2>Li(l>C(37) 94.9(3) C(62VCr67)-C(68) 113.3(5) :; 
N � - L i � - C ( 3 7 ) 27.60(19) C(69)-C(67>C(68) 110.0(5) \ 
N(3)-Li(l)-C(37) 124.0(4) C(62VCf67VNa(2) 73.1(3) I 
C(25)-Li(l>C(37) 158.2(3) a 6 9 V a 6 7 ) - N a � 160.2(4) 令丨 
0(2VLi(l)-Yb(l) 170.0(4) Cr68VC(67)-Na(2) 82.3(3) ：丨二 
N(4>Li(l)-Yb(l) 49.6(2) a72VC(70VC(71) 105.5(5) | 
N(3VLi(l)-Yb(l) 47.48(19) C(72)-C(70)-C(66) 109.4(4) -
C(25>Li(l>Yb(l) 82.3(3) Cm)-C(70)-C(66) 114.5(4) 
C(37)-Li(l>Yb(l) 76.5(2) C(76)-Q(l)-C(73) 113.6(2) 
0(3)-Li(2)-N(6) 138.7(4) C(76)-0(1)-Na(l) 117.34(17) 
Q(3)-Li(2)-N(5) 121.2(5) C(73VQ(1)-Na(l) 128.57(19)_ 
N(6)-Li(2>N(5) 99.6(4) C(8Q>0(2)-C(77) 113.5 � 
Q(3)-Li(2)-C(61) 105.4(3) C(80)-0(2)-Li(l) 121.8(3) 
N(6>Li(2)-C(61) 33.5(2) C(77>Q(2)-Li(l) 124.7(3) 
N(5)-Li(2>C(61) 133.0(4) C(84)-0(3)-C(81) 114.4(2) 
0(3)-Li(2)-Yb(2) 166.8(5) C(84)-0(3>Li(2) 116.0(3) 
N(6)-Li(2>Yb(2) 48.9(2) C(81)-0(3>Li(2) 129.2(3) 
N(5>Li(2)-Yb(2) 51.0(2) C(88)-0(4)-C(85) 113-7(2) 
C(61)-Li(2)-Yb(2) 82.2(3) C(88>0(4)-Na(2) 115.46(18) 
C(l)-N(l>Yb(2) 147.4(3) C(85)-Q(4)-Na(2) 130.78(19) 
C(l)-N(l)-Yb(l) 116.1(3) 0(1)-C(73)-C(74) 107.4(2) 
Yb(2>N(l)-Yb(l) 96.27(11) C(73)-C(74)-C(75) 105.9(2) 
N(1>C(1)-C(2) 1 2 1 . 9 � a76ya75yC(74) 104.6(2) 
N(L)-C(L)-C(6) 122.1(4) 0(1>C(76)-C(75) 108.2(2) 
C � - C ( l ) - C ( 6 ) 115.9(4) 0(2VC(77)-C(78) 106.6(2) 
N(l)-C(l)-Na(l) 109.4(3) C(79)-C(78)-C(77) 106.3(2) 
C(2VC(lVNa(n 73.4(3) C(78)-C(79)-C(8Q) 106.4(2) 
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i f f f . ! ^ ^ O(2Va80)-C(79) l Q 6 . 8 m ~ ~ 
C(6)-C(l)-Yb(l) 99.8(3) C 82-C 83VC 84 ~ " T o ^ 
恐 - g g -g了、 丄 18.2(4) C(88)-C(87)-a86) 106 6 m : 
•恐-恐 Q w W a s T ) — — ~ ~ 
C(7)-C(2)-Na(l) 106.5(3) C(89')-C(89VC(91 1 . 
恐 恐 5/2上 122.9(6) C(90>a89)-Cr9r)#l • 
忠 C(89’ ) -C_-a91)# l 61 ^ ^ 1 
C(2)-C(3)-Na� 68.4(3) C(90)-C(89)-a91Wl " u R T m ~ 敌 
C(3)-C(4)~C(5) 118.4(5) C(9r)#l-a89)-C(91)#l "5 4(3) ~ ‘ 
恐-〒)-C(6) 121.4(5) C(89)-C(89')-Cr91 ’)# 1 "86：3^ 
C(5)-C(6)-C(l) 120.5(5) C(89VC(89'VCr91 )# 1 " 8 6 ^ 
C(5)-C(6VC(1Q) 117.0 � C(91’)#l-C(89fVa91)#l 
C(1>C(6)-C(10)_- 122.1(4) a89VC(89')-a9Q) ’ C(5)-C(6)-Na(l) 85.5(3) C(91')#l-C(89'm9Q) " m o m ~ 
C(l)-C(6)-Na(l) 68.2(3) C(91)#l-a89')-a90) 114 6(4) M 
C(10)-C(6>Na(l) 123.7(3) C(9r)-C(9Q)-Cf89') 114 0 4) , 
C(9)-C(7>C(2) 113.0(4) C(9rVC(90Va89) 105 1 4 ；' 
C(9)-C(7)-C(8) 108.1(5) " 3 4 ^ 
c(2)-c(7)-c(8) 111.2(4) ' c (9 r ) -c (9ovcr9n • 
C ( i i ) - a i 0 ) - a i 2 ) 112 7 m 120 s m i； 
C(11)-C(1Q)-C(6) 115.8(5) "C(89)-C(90)-Cr91) 一 111:5〉4〈 5 
C(12)-C(1Q)-C(6) 109.6(5) C(89’)#l-C(91)-C(90) 
C(13)-N(2)-Yb(2) 121.9(2) C(89')#l-C(91)-a89)#l 31.6(4) 
C(13)-N(2)-Yb(l) 141.6(2) "C(90)-a91)-a89\#l T T T ^ 
Yb(2)-N(2>Yb(l) 95.65(13) C(9Q)-C(9r)-C(89')#l 1 3 7 0 ^ 
N(2>C(13)-C(14) 119.5 � C(90K:(9N-C(89)#L 119.6^ 
N(2)-C(13)-C(18) 120.4(2) €(89')#1^(91')-€(89)#1 33 8(4) 
C(14)-C(13)-ai8) I 120 \ 
91 
^ 
Table 4-2. Bond Distances (A) and Bond Angles (�) for [YbC/vNCsHs^^r�-
2,6)3Li2(THF)Na(THF)]2 (18) 
Yb(lVN(2) 2.123(2) C(7>C(8) 1.49(3) _ 
Yb(l>N(3) 2.126(1) C(7>C(9') 1.52(3) 
Yb(l)-N(l)#l 2.291(1) C(7)-C(9) 1.56(4) 
Yb(l>N(l) 2.302(1) C(9)-Li(l)#l 2.63(5) 
Yb(l)-Li(2) 2.76(4) C(9>Li(l)#l 2.39(5) 
Yb(l>Li(l) 2.80(3) C(10)-C(12) 1.53(3) 
Yb(l)-C(l) 3.132(2) C(1Q)-C(11) 1.55(3) ,, 
Yb(l>Yb(l)#l 3.392(2) C(13)-C(18) 1.41(3) 
Yb(l)-Na(l) 3.646(8) C(13>C(14) 1.45(3) : 
Na(l)-0(2) 2.288(2) C(14)-C(15) 1.42(3) | 
Na(l)-N(3) • 2.461(2) C(14)-C(19) 1.52(3) 1 
Na(l)-C(25) 2.665(2) C(15)-C(16) 1.37(4) 
Na(l)-C(6) 2.776(2) C(16>C(17) 1.37(4) 
Na(l>C(26) 2.864(2) C(17>C(18) 1.39(3) 4 
Na(l)-C(l) 2.865(2) C(18)-C(22) 1.50(4) 丨‘丨 
Li(l)-N(2) 1.97(3) C(19)-C(21) 1.52(4) P 
Li(l)-N(l) 2.02(4) C(19>C(2Q) 1.54(4) <; 
Li(l)-C(13) 2.26(4) C(22)-C(23) 1.45(5) jj 
Li(l)-C(l)#l 2.28(4) C(22>C(24) 1.49(5) )丨 
Li(l)-C(9')#l 2.39(5) C(25)-C(3Q) 1.46(2) f | 
Li(l)-C(14) 2.62(4) C(25)-C(26) 1.48(2) J)! 
Li(l)-C(9)#l 2.63(5) C(26)-C(27) 1.38(3) ^ 
Li(l)-C(2)#l 2.67(3) C(26)-C(31) 1.51(3) | 
Li(2)-Q(l) 1.95(4) C(27)-C(28) 1.39(4) 
Li(2)-N(2) 1.99(4) C(28)-C(29) 1.35(3) 
Li(2)-N(3) 2.08(4) C(29)-C(30) 1.37(3) 
Li(2)-C(25) 2.53(4) C(30)-C(34) 1.50(3) 
Li(2>C(13) 2.76(4) C(31)-C(33) 1.55(3) 
N(1>C(1)#1 1.35(2) C(31)-C(32) 1.56(4) 
N(l)-Yb(l)#l 2.291(1) C(34)-C(35) 1.50(4) 
N(2)-C(13) 1.40(2) C(34)-C(36) 1.53(3) 
N(3)-C(25) 1.36(2) C(37>C(38) 1.48(2) 
Q(L)-C(40) 1.41(2) C(38)-C(39) 1.50(2) 
0(1)-C(37) 1.42(2) C(39)-C(40) 1.50(2) 
0(2>C(41) 1.40(2) C(41)-C(42) 1.49(3) 
0(2)-C(44) 1.41(2) C(42)-C(43) 1.52(2) 
C(l)-N(l)#l 1.35(2) C(43>C(44) 1.52(3) 
C(l)-C(6) 1.43(3) C(45)-C(47)#2 1.35(4) 
C(l)-C(2) 1.46(3) C(45)-C(46') 1.48(3) 
C(l)-Li(l)#l 2.28(4) C(45)-C(46) 1.50(3) 
C(2)-C(3) 1.42(3) C(46)-C(46') 0.79(7) 
C(2)-C(7) 1.53(3) C(46>C(47) 1.48(4) 
C(2)-Li(l)#l 2.67(3) C(46^)-C(47) 1.50(3) 
""Cffl-C(4) 1.38Q) C(47)-C(45)#2 1.35(4) 
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C(4)-C(5) 1.38 � C(48)-C(49)#3 1.61(8) 
C(5)-C(6) 1.38(2) C(49)-C(49)#L 1.73(1) 
C(6>C(10) 1.52(3) C(49)-C(48)#4 1.61(8) 
N(2>Yb(lVN(3) 94.0(5) C(37)-0(1)-Li(2) 125.0(16) 
N(2)-Yb(l)-N(l)#l 139.2(5) C(41>0(2)-C(44) 111.9(14) 
N(3>Yb(l)-N(l)#l 111.1(5) Cr41)-Q(2>Na(l) 117.2(10) 
N(2)-Yb(l)-N(l) 90.1(5) C(44)-0 � - N a ( l ) 130.6(11) 
N(3>Yb{l)-N(l) 148.4(5) N(l)#l-C(l)-C(6) 123.6(15) 
N(l)#l-Yb(l)-N(l) 84.8(5) N(l)#l-C(l)-C(2) 120.1(16) 
N(2>Yb(l)-Li(2) 45.7(9) C(6)-C(im2) 116.3(15) 
N(3)-Yb(l)-Li(2) 48.3(8) N(l)#l-C(l)-Li(l)#l 61.4(12) 
N(l)#l-Yb( 1 )-Li(2) 145.2(8) C(6)-C( 1 )-Li( 1 )# 1 120.4(15) ’ 
N(l)-Yb(lVLi(2) 128.0(8) C(2)-C(l>Li(l)#l 88.1(14) ； 
N(2)-Yb(l>Li(l) 44.8(7) N(l)#l-C(l)-Na(l) 112.2(11) I 
N(3)-Yb(l)-Li(l) 130.9(7) C(6)-C(l)-Na(l) 71.9(10) :: 
N(l)#l-Yb(lVLi(l) 117.8(7) C(2)-C � - N a ( l ) 86.6(10) 
N(l>Yb(l)-Li(l) 45.4(7) Li(l)#l-C � - N a ( l ) 167.6(12) 
Li(2)-Yb(l)-Li(l) 86.6(10) N(l)#l-C(l)-Yb(l) 41.0(8) Jj 
N(2)-Yb(lVC(l) 140.6(5) C(6VC(l)-Yb(l) 125.8(12) : 
N(3>Yb(l)>C(l) 89.2(4) C(2H:(1)-Yb(l) 102.8(11) 
N(l)#l-Yb(l)-C(l) 22.7(4) Li(l)#l-C(l)-Yb(l) 95.6(10) � : 
N(l)-Yb(l)-C(l) 107.0(4) Na(l)-C(l)-Yb(l) 74.7(4) �/丨 
Li(2)-Yb(lVC(l) 124.4(8) C(3)-C � - C ( l ) 119.2(18) ；I 
Li(l)-Yb(l)-C(l) 138.6(7) C(3)-C(2)-C(7) 117.9(18) t 
N(2)-Yb( 1 >Yb( 1)#1 121.5(4) C( 1K：�-C(7) 122.8(16) S 
N(3)-Yb(l)-Yb(l)#l 144.5(4) C(3KX2)-Li(l)#l 132.1(15) 'i 
N(l)#l-Yb(l)-Yb(l)#l 42.5(3) C(l)-C � - L i ( l ) # l 5&8(13) | 
N(lVYb(l)-Yb(l)#l 42.3(3) C(7)-C(2)-Li(l)#l 81.6(13) “ 
Li(2)-Yb( 1 )-Yb( 1 )# 1 167.2(8) Cffl-C(3)-C(2) 122(2) 
Li( 1)-Yb( 1 )-Yb( 1)#1 81.2(6) C(3)-C(4)-C(5) 119.2(19) 
C(l)-Yb(l)-Yb(l)#l 64.8(3) C(6)-C(5)-C(4) 122(2) 
N(2)-Yb(l>Na(l) 128.4(4) C(5)-C(6)-C(l) 121.8(18) 
N(3)-Yb(l)-Na(l) 40.7(4) C(5>C(6)-C(1Q) 119.6(18) 
N(l)#l-Yb(l)-Na(l) 70.5(3) C(1>C(6)-C(1Q) 118.6(15) 
N(l)-Yb(l)-Na(l) 140.9(3) C(5)-C(6)-Na(l) 83.2(11) 
Li(2)-Yb(l)-Na(l) 85.3(8) C(l)-C(6>Na(l) 78.9(10) 
Li(l)-Yb(lVNa(l) 171.6(6) C(10>C(6)-Na(l) 106.9(11) 
C(l)-Yb(l)-Na(l) 49.3(3) C(8)-C(7)-C(9') 114.5(19) 
Yb( 1 )#1-Yb(l)-Na( 1) 107.04(12) C(8)-C(7)-C(2) 116.3(18) 
Q(2>Na(l)-N(3) 129.9(6) C(9,)-C(7)-C(2) 118.7(19) 
0(2)-Na(l>C(25) 103.5(6) C(8)-C(7)-C(9) 101(2) 
N(3)-Na(l)-C(25) 30.4(5) C(9')-C(7)-C(9) 
Q(2)-Na(l)-C(6) 104.5(6) C(2)-C(7)>C(9) 106.4(19) 
N(3)-Na(l>C(6) 112.9(6) C(9')-C(9)-C(7) 1 2 ^ 
C(25>Na(l)-C(6) 142.5(6) C(9')-C(9)-Li(l)#l 
0(2)-Na(l)-C(26) 94.3(6) C(7>C(9)-Li(l)#l 82.3(17) 
N(3>Na(l>C(26) 55.1(5) C(9)-C(9')-C(7) 
C(25)-Na(l)-C(26) 30.7(5) C(9)-C(9')-Li(l)#l | 98(4) 
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C(6)-Na(l)-C(26) 160.6(7) C(7VC(9')-Li(l)#l 92.0(18) 一 
0(2)-Na(l)-C(l) 133.6(6) C(6>C(10)-C(12) 112.4(16) 
N(3VNa(l>C(l) S9.5(5) C(6>C(1Q)-C(11) 114.5(15) 
C(25)-Na(l)-C(l) 119.6(6) C(12VC(1Q)-C(11) 109.1(17) 
C(6)-Na(l)-C(l) 29.2(5) N(2)-C(13)-C(18) 122.4(18) 
G(26)-Na(l)-C(l) 131.5(6) N(2)-C(13)-C(14) 119.8(18) 
Q(2>Na(l>Yb(l) 150.6(4) C(18)-C(13)-C(14) 117.8(18) 
N(3)-Na(l>Yb(l) 34.3(3) N(2)-C(13)-Li(l) 59.9(12) 
C(25)-Na(l)-Yb(l) 64.6(4) C(18)-C(13)-Li(l) 121.8(18) 
C(6>Na(l)-Yb(l) 78.8(4) C(14)-C(13)-Li(l) 86.9(14) 
C(26)-Na(l)-Yb(l) 87.0(4) N(2>C(13)-Li(2) 43.3(11) 
C(l)-Na(l)-Yb(l) 56.0(4) C(18)-C(13)-Li(2) 119.3(16) ； 
N(2)-Li(l)-N(l) 103.4(16) C(14)-C(13)-Li(2) 106.9(15) 
N(2)-Li(l>C(13) 37.8(8) Li(l)-C(13)-Li(2) 98.4(14) | 
N(l)-Li(l)-C(13) 141.2(17) C(15)-C(14)-C(13) 119(2) 
N(2>Li(l>C(l)#l 133(2) C(15>C(14)-C(19) 118.9(19) 
N(l)-Li(lVC(l)#l 35.9(8) C(13)-C(14)-C(19) 122.2(18) 
C(13)-Li(l)-C(l)#l 163(2) C(15>C(14)-Li(l) 136.8(18) ！ 
N(2)-Li(l)-C(9')#l 124(2) C(13)-C(14>Li(l) 59.6(12) 1 
N( 1 >Li( 1 )-C(9')# 1 97.2(15) C( 19>C( 14)-Li( 1) 82.5(15) ？ 
C(13>Li(l)-C(9')#l 104.8(18) C(16)-C(15)-C(14) 121(2) (| 
C(l)#l-Li(l)-C(9')#l 91.8(13) C(15)-C(16>C(17) 120(2) j 丨 
N(2)-Li(l)-C(14) 63.1(10) C(16)-C(17)-C(18) 122(2) � 
N(l>Li(l)-C(14) 152(2) C(17>C(18)-C(13) 121(2) f 
C(13>Li(l)-C(14) 33.5(8) C(17)-ai8)-C(22) 120(2) , 
C(l)#l -Li( 1 )-C( 14) 136.4(17) C( 13)-C( 18)-C(22) 120(2) ：“ 
C(9')# 1 -Li( 1 )-C( 14) 111.0(18) C( 14)-C( 19)-C(21) 111(2) P: 
N(2)-Li(l)-C(9)#l 135(2) C(14)-C(19)-C(20) 111(2) * 
N(l>Li(l)-C(9)#l 104.6(14) C(21)-C(19)-C(20) 110(2) 
C( 13)-Li( 1 )-C(9)# 1 106.3(18) C(23)-C(22)-C( 18) 114(3) 
C(l)#l -Li( 1 )-C(9)# 1 88.4( 13) C(23)-C(22)-C(24) 107(3) 
C(14)-Li(l)-C(9)#l 101.7(15) C(18)-C(22)-C(24) 117(3) 
N(2)-Li(l>C(2)#l 164.1(19) N(3)-C(25)-C(3Q) 123.1(15) 
N(l)-Li(l)-C(2)#l 60.7(10) N(3)-C(25K(26) 122.9(15) 
C( 13)-Li( 1 )-C(2)# 1 158.0(18) C(30>C(25)-C(26) 113.9(15) 
C(l)#l -Li( 1 )-C(2)# 1 33.1(7) N(3)-C(25)-Li(2) 55.1(12) 
C(9')#l-Li(l)-C(2)#l 62.4(11) C(30)-C(25)-Li(2) 110.9(13) 
C( 14>Li( 1 )-C(2)# 1 130.8(14) C(26)-C(25)-Li(2) 106.5(15) 
C(9)# 1 -Li( 1 )-C(2)# 1 55.7(10) N(3)-C(25)-Na( 1) 66.5(8) 
N(2>-Li(l)-Yb(l) 49.2(8) C(3Q>C(25)-Na(l) 123.7(12) 
N(l)-Li(l)-Yb(l) 54.2(9) C(26)-C(25>Na(l) 82.1(10) 
C(13)-Li(l)-Yb(l) 87.0(10) Li(2)-C(25)-Na(l) 115.2(11) 
C(l)#l -Li( 1 >Yb( 1) 86.6(13) C(27>C(26)-C(25) 119.3(18) 
C(9')# 1 -Li( 1 )-Yb( 1) 123.4(17) C(27)-C(26)-C(31) 121.7(18) 
C(14)-Li(l)-Yb(l) 108.3(11) C(25>C(26)-C(31) 119.0(17) 
C(9)# 1 -Li( 1 )-Yb( 1) 141.1(16) C(27)-C(26)-Na( 1) 129.2(15) 
C(2)#l-Li(l>Yb(l) 114.9(13) C(25)-C(26)-Na(l) 67.2(9) 
Oa)-Li(2)-N(2) 124.209� Q31H： 口 si-Naoi 76.402) 
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0(l>Li(2)-N(3) 136(2) C(26)-C(27)-C(28) 124.2(19) 一 
N(2)-Li(2)-N(3) 99.6(17) C(29K(28)-C(27) 117(2) 
Q(l)-Li(2)-C(25) 103.8(16) C(28VCf29)-C(30) 124(2) 
N(2)-Li(2)-C(25) 131.7(18) C(29)-C(30)-C(25) 121.5(16) 
N(3)-Li(2)-C(25) 32.4(8) C(29)-C(3Q)-C(34) 119.8(17) 
CXl)-Li(2)-C(13) 95.3(14) C(25>C(3Q)-C(34) 118.7(15) 
N(2)-Li(2)-C(13) 28.9(8) C(26)-C(31)-C(33) 113(2) 
N(3)-Li(2)-C(13) 128.5(17) C(26)-C(31)-C(32) 111.4(19) 
C(25)-Li(2)-C(13) 159.9(17) C(33)-C(31)-C(32) 108(2) 
0(l>Li(2)-Yb(l) 173.9(19) C(35)-C(34)-C(30) 110.6(18) 
N(2>Li(2)-Yb(l) 49.9(9) C(35>C(34)-C(36) 109(2) 
N(3)-Li(2)-Yb(l) 49.7(9) C(30)-C(34>C(36) 115.3(18) ； 
C(25)-Li(2)-Yb(l) 81.9(11) 0(1>C(37)-C(38) 106.9(13) ；丨 
C(13)-Li(2)-Yb(l) 78.8(11) C(37>C(38)-C(39) 106.6(13) 丨 
C(l)#l-N(l)-Li(l) 82.7(13) C(38)-C(39)-C(40) 106.0(15) 
C(l)#l -N( 1 )-Yb( 1)#1 116.3(10) 0(1 >C(40)-C(39) 107.1(13) 
Li(l)-N(l)-Yb(l)#l 139.9(13) 0(2>C(41)-C(42) 109.2(13) 
C(l)#l -N( 1)-Yb( 1) 146.2(11) C(41 )-C(42)-C(43) 105.1(15) 丨  
Li(l)-N(l>Yb(l) - 80.4(9) C(44)-C(43)-C(42) 105.8(14) 1 
Yb(l)#l -N( 1 )-Yb( 1) 95.2(5) 0(2)-C(44)-C(43) 107.3(14) �: 
C(13>N(2)-Li(l) 82.2(15) C(47)#2-C(45)-C(46') 124(3) �i 
C(13)-N(2)-Li(2) 107.8(15) C(47)#2-C(45)-C(46) 126(3) ； 
Li(l)-N(2)-Li(2) 148.5(18) C(46')-C(45)-C(46) 31(3) 、丨 
C(13)-N(2)-Yb(l) 167.6(12) C(46')-C(46)-C(47) 76(3) r 
Li(l)-N(2)-Yb(l) 86.0(12) C(46')-C(46)-C(45) 73(3) 5 丨 
Li(2)-N(2)-Yb(l) 84.3(12) C(47)-C(46)-C(45) 112(3) K 
C(25>N(3)-Li(2) 92.6(14) C(46)-C(46')-C(45) 76(3) 1 
C(25>N(3)-Yb(l) 171.2(11) C(46)-C(46')-C(47) 74(3) * 
Li(2)-N(3)-Yb(l) 82.0(12) C(45)-C(46')-C(47) 112(2) 
C(25)-N(3)-Na(l) 83.1(9) C(45)#2-C(47)-C(46) 115(2) 
Li(2)-N(3)-Na(l) 150.2(12) C(45)#2-C(47)-C(46') 113(3) 
Yb(l>N(3>Na(l) 105.0(5) C(46>C(47)-C(46') 31(3) 
C(40)-0(l)-C(37) 111.9(13) C(49)#l-C(49)-C(48)#4 169(4) 
C(4Q)-Oa)-Li(2) 122.905^ | 
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Chapter 5. Summary and Remarks 
5.1 Summary 
The first structurally characterized examples of an anionic dichlorolanthanocene 
stabilized by an alkali metal complex ion [Cp”2LnCl2][Li(THF)4] (Ln = Er (5), Yb 
(6)) are reported. Such compounds can only be prepared by an initial attempt. Any j 
li 
recrystallization will cause the loss of the coordinated solvent molecules leading to 
the formation of an “ate，，compound Cp”2Yb(/^-Cl)2Li(THF)2 (7). ：丨  i 
Various kinds of amido-lanthanide compounds have been synthesized. They are “丨 
. :〈丨 homoleptic and heteroleptic lanthanide amides. All of these new amido-lanthanide /I 
compounds have been fully characterized by various spectroscopic data and single- ； | ill 
crystal X-ray analyses. The molecular structures of lanthanide-amide compounds are • iiii 
diverse and dependent on the steric hindrance of the substituents on the ligands. The 
bulkier substituents lead to the formation of low coordination compounds. 
Two new imido-lanthanide compounds [Yb("-NHC6H3iV2,6)(//-NC6H3iV 
2，6)(/^ -NC6H3 卞 r2-2,6)Li(THF)Na(THF)]2 (17) and [YK/vNCgHsl^r:-
2，6)3Li2(THF)Na(THF)]2 (18) are successfully prepared. Their molecular structures 
have been confirmed by various spectroscopic data and X-ray diffraction studies. 
The Yb-N(imido) distances are shorter than the average Yb-N(amido) distance by 
6%. The Yb-N(imido)-C angles are nearly linear. These structural parameters suggest 
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the presence of some multiple bond character between the metal ion and the imido 
group in these two imido-lanthanide compounds. It is anticipated that the 5d orbitals 
in ytterbiiim(ni) ion may have some interaction with the ligand orbitals. Compounds 
17 and 18 represent the first examples of lanthanide-imide compounds having some 
multiple bond character between Ln and imido group. ； i 
1,1 5.2 Remarks 
I 
In principle, all homoleptic and heteroleptic lanthanide amides prepared in this 丨 
：；| 
thesis work could be converted to the corresponding imido-lanthanide compounds by :i ：； 
/ 
\：, 
treatment with n-BuLi. The alkali metal ions in 17 and 18 may be removed by adding Ji 
T 
R4NX or PhqPX salts, which might lead to the formation of terminal imido- 广 
如 




Chapter 6. Experimental Section 
General Procedures. All experiments were performed under an atmosphere of 
-
diy dinitrogen with the rigid exclusion of air and moisture using standard schlenk or 
cannula techniques, or in a glovebox. All organic solvents were freshly distilled from 
sodium benzophenone ketyl immediately prior to use. Cp"H was prepared according ； 
i 1 
I). to the literature method. '^^  2,6-Diisopropylaniline was dried over CaHj and distilled 
： 1 before use. 2,5-Di-tert-butylamline and 2,4,6-Tri-tert-butylaniline were dried under 1 ； 
vacuum at SO^ 'C for 6 hours. Anhydrous LnC\^ was prepared from the hydrates by ：; 
standard procedures.All other chemicals were purchased from Acros Chemical Co. ； 'v 1 
<;m and Aldrich Chemical Co. and used as received unless otherwise noted. Infrared ； S 
spectra were obtained from KBr pellets prepared in the glovebox on a Nicolet Magna I 
550 Fourier transform spectrometer. ^H and ^^ C NMR spectra were recorded on a 
Bniker 300 MHz DPX spectrometer at 300.13 and 75.47 MHz, respectively. All 
chemical shifts are reported in units with reference to internal or external IMS (0.00 
ppm) or with respect to the residual protons of the cZ-solvents for proton and carbon 
chemical shifts. Elemental analyses were performed by MEDAC Ltd, Brunei 
University, Middlesex, U. K. 
Preparation of Cp”Li (1). To a hexane solution of Cp"H (8.51 g, 40.5 mmol) 
at 0�C was slowly added a 1.60 M solution ofn-BuLi in hexane (27.8 mL, 44.5 mmol) 
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with stirring. The mixture was allowed to warm to room temperature and stirred for 2 
days. The precipitate was collected by filtration, washed with n-hexane and dried 
under vacuum to give l a s a white solid (7.0 g, 80%). ^HNMR (pyridine-^/g): (s, 
IH, Cp), 6.72 (s, 2H, Cp)，0.34 (s，18H, IMS). ^'C NMR (pyridine-^/s): J119.92, 
115.18, 113.96 (Cp), 1.64 (TMS). ： J 
Preparation of NaNHCgH;卞r2-2，6 (2). A toluene solution of NH2C6H3Tr2- t 
i 
2,6 (5.0 mL, 26.5 mmol) was added to a suspension ofNaH (0.7 g, 29.2 mmol) in 50 
. :]li 
mL of toluene. The mixture was then refluxed for one week. The precipitate was 丨 
:�: 
collected by filtration and washed with toluene to remove any unreacted 丨:| 
? 
NH2C6H3卞r2-2,6. This white solid was then dissolved in 50 mL of THF to remove any 
'1网丨 
excess NaH. The resulting clear solution was concentrated to give 2 as a white solid S: 
丨_ 
(4.0 g, 76%). iH NMR (pyridine-Js): SI. 14 (d, J = 6.0 Hz, 2H, m-aryl H), 6.54 (t, J二 
6.0 Hz, lH,/7.aryl H), 4.30 (br, IH, NH), 3.57-3.52 (m，2H,i>r), 1.32 ( d , J = 6.0 Hz, 
12H, Tr). 13c NMR (pyridine-J5)： 5130.72，122.88 (aryl C)，28.56，23.64 (Tr). 
Preparation of NaNHQH3'Bu2-2,5 (3). A toluene solution of NH2C6H3它 
2,5 (5.0 g, 24.3 mmol) was added to a suspension of NaH (0.64 g, 26.8 mmol) in 50 
mL of toluene, followed by procedures similar to those used in the synthesis of 2, 
affording 3 as a white solid (3.8 g, 70%). ^H NMR (pyridine-d/5): 57.26 (d,J= 6.0 Hz, 
lH,/7-aryl H), 7.01 (s, IH，o-aryl H)，6.81 ( d , J = 6.0 Hz, IH, /n-aryl H), 5.01 (br，IH, 
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^ 
NH), 1.44 (s，9H, t-bulyl), 1.24 (s，9H, t-butyl). ' 'C NMR (pyridine-^Q: dl49A6, 
127.91,126.51,115.37,104.02 (aryl C), 34.89, 34.26，32.20, 30.23 (t-butyl). 
Preparation of KNHC6H2TBu3-2,4,6 (4). To a suspension of KH (0.57 g, 
14.25 mmol) in 20 mL of THF was slowly added a solution ofKHsCsHz^Bi^SAb (3.1 
g, 11.87 mmol) in THF (20 mL), and the mixture was refluxed for one day. Removal of ； i 
the precipitate and concentration of the resulting clear solution afforded 4 as a white 
solid (3.0 g, 86%). ^H NMR (pyridine-J5): 47.32 (s，2H, m-aryl H), 4.36 (s, IH，NH), :| 
1 
‘ 1.77 (s, 9H, /7-aryl t-butyl), 1.47 (s, 18H, o-aryl t-butyl). ' 'C NMR (pyridine-^/s): d l； 
d 126.10, 121.65 (aryl C), 33.13,32.05，23.19，14.58 (t-butyl). 
I,''[ 
Preparation of�Cp”2ErCy [Li<THF)J (5). To a suspension of ErCl�(0.50 g, : 
a 
1.84 mmol) in 30 mL of THF was slowly added a THF solution o f C p ' l i (0.79 g, 3.66 I 
mmol) at -30°C under stirring, and the reaction mixture was allowed to warm to room 
temperature and then stirred overnight. The precipitate was filtered off, and the 
resulting pink solution was concentrated. After addition of n-hexane, this pink 
THF/n-hexane solution was then cooled to -30�C and this temperature was kept for 
several days, giving 5 as pink crystals (1.22 g, 70%). ^H NMR (QD^): 6^-1.9 (br s),-
8.3 (m, THF), -14.4 (s，IMS), -17.7 (m, THF), -18.8 (s, IMS), -20.4 (br，s, Cp”). IR 
(KBr, cm]): v 3050 (w)，2959 (m), 2900 (w), 1258 (m), 1090 (s)，1025 (s), 801 (s). 




Preparation of [Cp”2YbCy [Li(THF)J (6). This compound was prepared as 
o f ^ g e red crystals from YbClg (0.91 g, 3.27 mmol) and Cp"Li (1.41 g, 6.53 mmol) in 
50 mL of THF using procedures used above for 5: yield 2.39 g (77%). ^H NMR (CA)： 
J17 .8 (s)，2.47 (m, THF), 0.74 (m, THF), 0.29 (s，TMS), -0.04 (s, TMS), -5.8 (br, s, ： 1 
Cp"). IR (KBr, cm-'): v 3060 (w)，2958 (m)，2893 (w), 1255 (s), 1089 (s)，1038 (s), 
1 
837 (s). Anal. Calcd for C3�H58Cl2Li02Si4Yb (6 - 2THF): C, 44.26; H，7.18. Found: C, ；.'： 
二 i 
44.31; H, 6.97. i / 
Preparation of Cp”2Yb(>!5r-Cl)2Li(THF)2 (7). Recrystallization of 6 from a ；i 
toluene solution at -30°C gave 7 as orange red crystals. Compound 7 can also be f 
i] 
prepared according to the literature method^^ except using toluene as a crystallization I m 
solvent. iH NMR (CA)： ^17.6 (s), 2.45 (m, THF), 0.72 (m, THF), 0.26 (s, TMS),-
0.01 (s, TMS), -5.7 (br，s, Cp”). 
Preparation of Yb(NHC6H3iPiv2，6)3(THF)2 (8).'^ A THF (5 ml) solution of 
NaNHC6H3Tr2-2,6 (2; 1.07 g, 5.38 mmol) was slowly added to a suspension of YbCl] 
(0.50 g，1.79 mmol) in 10 mL of THF at room temperature. The mixture was then 
refluxed under stirring for 2 days, and a red solution was resulted. Removal of THF 
and hexane extraction gave a red solution from which 8 was isolated as a red 
crystalline solid (0.98 g, 65%). ^H NMR (CgD^): 57.07 (d，6H, J= 9.0 Hz, m-aryl H), 
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^ 
6.91 (d, 3H, J = 9.0 Hz,/7-aryl H)，3.58 (s, 4H, THF), 2.66 (m, 6H，Tr), 1.42 (s, 4H, 
THF), 1.15 (d, J = 6.0 Hz, Tr), -1.01 (d, J= 6.0 Hz, Tr). 
Preparation of Yb(NHC6H/Piv2，6)2(/^-NHC:6H3iPr2-2，6)2Na(THF) (9). A 
solution ofNaNHC6H3T?r2-2,6 (2; 0.57 g，2.86 mmol) in 5 mL of THF was added to a 
suspension of YbClj (0.20 g, 0.71 mmol) in 10 mL of THF at room temperature, 
！ i | 
followed by procedures similar to those used in the synthesis of 8, affording 9 as red 
crystals (0.46 g，67%). ^H NMR ( C A ) ' <7.03 (d, 8H, J= 6.0 Hz, /w-aryl H), 6.89 (d, 
4H, J = 6.0 Hz,/7-aryl H)，1.12 (d，48H, J = 9.0 Hz,Tr). '^C NMR ( C ^ ) : 5139.50, ‘ 
,I 
123.06, 119.33，118.81 (aryl C)，29.40, 28.09, 23.03，22.53 (Tr). IR (KBr, cm-^): v 
3054 (w), 3024 (w)，2958 (s), 2872 (s)，1589 (s), 1419 (s), 1259 (s), 1046 (s)，842 (s). : i 
H 
II' 
Anal. Calcd for Cs^HgoH^NaOYb: C, 64.17; H, 8.28; N, 5.75. Found: C, 63.66; H, 8.84; 
It!丨 
N’ 5.32. 
Preparation of YbCNHCfiHs 虫 U2-2，5)3(THF)3 (10). A solution of 
NaNHC6H3'Bu2-2,5 (3; 1.22 g, 5.37 mmol) in 5 mL of THF was added to a suspension 
of YbClg (0.50 g, 1.79 mmol) in 10 mL of THF at room temperature, followed by 
procedures similar to those used in the synthesis of 8, affording 10 as orange crystals 
(1.02 g, 57%). iH NMR S l l ^ (d, 3H, J二 9.0 Hz, aryl H), 6.83 (d, 3 H , / = 9.0 
Hz，aryl H), 6.49 (s, 3H, aryl H)，1.29 (s, 27H, t-butyl), 0.29 (s, 27H, t-butyl). ''C NMR 
(CA)- 4132.26，120.57, 115.53, 106.63, 98.12，88.70 (aryl C), 34.90，33.44, 32.77, 
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31.89 (t-butyl). IR (KBr, cm'^): v 3200 (w), 2957 (s)，2907 (s), 1608 (s), 1494 (s), 
1403 (s), 1022 (s)，805 (s). Anal. Calcd for Cs^ H o^NgOsYb: C, 64.71; H, 9.05; N，4.19. 
" Found: C, 65.13; H, 9.07; N，4.16. 
Preparation of Yb(NHC6H2'Bu3-2,4,6)3( /^-OMe)K(THF)2 (11). A solution 
of KNHCeH�它U3-2,4，6 (4; 0.96 g, 3.21 mmol) in 5 mL ofTHF/DME was added to a 
suspension of YbClg (0.30 g, 1.07 mmol) in 10 mL of THF at room temperature, 
followed by procedures similar to those used in the synthesis of 8, affording 11 as red 
crystals (0.70 g, 64%). ^HNMRCQD )^: 6H, arylH), 1.25 (s, t-butyl), 1.13 (s, 
4H, THF), -3.60 (s，t-butyl), -3.38 (s, 4H, THF). '^C NMR (QD,): 121.16, 
106.08(aryl C), 67.09(THF), 32.07，29.61 (t-butyl), 26.46(THF), 22.11，13.50(t-butyl). 
IR (KBr，cm-i): i； 3084 (w)，2956 (s)，2809 (s)，1621 (m), 1585 (m)，1462 (m)，1417 (s), 
1255 (s), 1005 (m), 827 (m). Anal. Calcd for C s s H ^ s K N g O Y b (11- 2THF): C, 64.48; H, 
9.15; N, 4.10. Found: C, 63.31; H, 9.49; N, 3.72. 
Preparation of Cp"Yb(NHC,H3Tr2-2,6)2(py)2 (12). A THF solution of Cp，，H 
(0.09 g, 0.42 mmol) and pyridine (0.06 g，0.76 mmol) was added to a solution of 
Yb(NHC6H3Tr2-2,6)3(THF)2 (8; 0.34 g, 0.40 mmol) in 10 mL of THF. The mixture 
was refluxed for one day. The resulting clear dark solution was then concentrated 
under vacuum to about 5 mL from which 12 was isolated as purple crystals after this 
solution was left standing at room temperature for days (0.28 g, 78 %). H^ NMR 
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(CgDg): (H.U (d, 4H, J = 6.0 Hz, m-aryl H), 6.96 (t, 2H, J= 6.0 Hz,p-aryl H)，2.83-
2.56 (m, 4H, Tr), 1.19 (d, 24H, J = 6.0 Hz, Tr)，-0.04 (s, 18H, IMS), -6.81, -8.57 (br, 
• Cp"). 13c (CA)： 5141.10，132.61，123.53, 119.34 (aryl C), 103.47，86.92 (Cp"), 
28.52, 22.95 (Tr), 1.75 (IMS). IR (KBr, cm.i): v 3055 (m), 2957 (s), 2875 (m), 1593 
(s), 1427 (s), 1252 (s), 1078 (m), 1041 (m)，835 (s). Anal. Calcd for C s^H^yH^SiaYb: C， 
60.51; H, 7.56; N, 6.27. Found: C, 61.13; H, 8.14; N，6.11. 
Preparation of Cp，，Yb(NHC6H3中r2-2，6)(/^ -NHC6H3'Pr2-2，6)2Li(py) (13). 
A THF solution containing Cp”H (0.09 g, 0.42 mmol) and pyridine (0.06 g, 0.76 mmol) 
was added to a solution of YbCNHC6H3Tr2-2,6)3(THF)2 (8; 0.34 g, 0.40 mmol) in 10 
mL of THF and the mixture was refluxed for one day. To the resulting dark solution 
)i 
；1 
was slowly added a 0.16 M solution of n-BuLi in hexane (2.5 mL, 0.40 mmol) and the 1:  
mixture was stirred at room temperature for one day. The precipitate was filtered off to 
give a dark red solution. Slow evaporation of the solvent at room temperature as 
afforded 13 as red crystals (0.3 g, 63%). ^H NMR (CgDg): many broad, unresolved 
resonances. '^C NMR dl4L5l, 132.05，123.06，119.83 (aryl carbon), 28.07, 
22.58 (Tr), 1.35 (IMS). IR (KBr, cm"^ ): v 3058 (w), 2958 (s), 2877 (m), 1592 (m), 
1425 (s), 1321 (m), 1249 (s), 1083 (m). Anal. Calcd for CszHsoLiH^Si^ Yb: C, 62.62; H， 
8.08; N, 5.61. Found: C, 61.80; H, 8.13; N，5.58. 
Preparation of Cp”Yb(NHC6H3中iv2，6)( / i -NHC^Hs中r2-2，6)2Li(THF) 
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(14). A THF solution of Cp"H (0.16 g，0.76 mmol) was added to a solution of 
Yb(NHC6H3i>r2-2，6)3(THF)2 (8; 0.33 g，0.39 mmol) in 10 mL of THF and the mixture 
" was refluxed for one day to give a purple solution to which a 0.142 M solution of n-
BuLi in hexane (5.52 mL, 0.78 mmol) was slowly added at room temperature. This 
reaction mixture was then stirred for 3 hrs. The precipitate was filtered off to give a 
I 
I 
purple solution. Slow evaporation of the solvent afforded 14 as purple crystals (0.33 g, ‘ 
86%). ^HNMR(CA)： ^1.23 (s, 36H, Tr), -0.04 (s, 18H, TMS). ' 'C NMR (CA)： ^  
65.53 (THF), 29.37，23.01 (Tr), 1.37 (TMS). IR (KBr, cm.i): v 3275 (w), 3060 (m)， 
I 2958 (s), 1591 (m)，1458 (s), 1425 (s)，1319 (s), 1252 (s), 1087 (s), 1030 (s), 831 (s). 
I 
Anal. Calcd for QiH^LiNsSisYb (14 — THF): C，61.47; H, 8.23; N, 4.57. Found: C, 
61.60; H，8.46; N，4.49. 
Preparation of YMNHCgH;卞iv2，6)3(NH2C6H3卞 1^ 2，6) (15). A 0.16 M 
solution of n-BuLi in hexane (2.5 mL, 0.40 mmol) was slowly added to a solution of 
Yb(NHC6H3Tr2-2,6)3(THF)2 (8; 0.33 g, 0.40 mmol) in 10 mL of hexane at room 
temperature. The mixture was then stirred for one day, resulting in a clear red solution 
that was concentrated to about 5 mL under vacuum. This solution was kept at -30°C 
for several days, giving 15 as red crystals (0.20 g，59%)�H NMR (pyridine-t/j): d7.13 
(d, 8H, J = 9.0 Hz, m-aryl H), 6.90 (t, 4H, J = 9,0 Hz,/7-aryl H), 3.65-3.61 (m’ THF), 
1.60-1.56 (m, THF), 1.23 (d, 48H, J = 6 . 0 Hz, Vi). ' 'C NMR (pyridine-為)：^^ 139.38， 
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122.99，117.48, 114.42 (aryl C)，67.85，25.82 (THF), 28.03, 22.82 (Tr). IR (KBr, cmf 
')：3182 (w), 3053 (w), 2958 (s)，2875 (m), 1632 (m), 1590 (m), 1456 (s)，1422 (s), 
'1258 (s), 1100 (s), 1037 (s). 
Preparation of Cp”Yb(NHQH3iPr2-2，6)2( ju -NHQH3iPr2-2，6)Na(THF) 




Yb(NHC6H3Tr2-2,6)2(//-NHC6H3iPr2-2,6)2Na(THF) (9; 0.53 g，0.54 mmol) in 10 mL 
of hexane. The mixture was refluxed for one day giving a purple solution that was 
concentrated to about 5 mL under vacuum. Slow evaporation of the solvent gave 16 as 
,1 
red crystals (0.40 g, 75%). ^HNMR (CA)： ^7.05 (d, 6H, J = 9.0 Hz, m-aryl H), 6.92 
(d，3H, 9.0 Hz,;7-aryl H), 1.14 (d, 36H, / = 6.0 Hz, TPr), -0.03 (s, 18H, IMS). '^C 
、 ！: NMR (QDg): ^^40.92,132.64, 123.46, 119.34 (aryl C)，117.37，93.05 (Cp”), 28.46， 
i i 
22.93 (Tr), 1.18 (IMS). IR (KBr, cm''): v 3260 (w), 3055 (m), 2958 (s), 2876 (s), 
1623 (m)，1586 (m)，1423 (s), 1255 (s), 1082 (m), 836 (s). Anal. Calcd for 
C5iH83N3NaOSi2Yb: C, 60.86; H, 8.31; N, 4.17. Found: C，61.30; H, 8.36; N, 4.41. 
Preparation of [Yb( n -]mC6H3Tr2-2,6)(^-NC6H3Tr2-2,6)(/^3-NQH3Tr2-
2,6)Li (THr)Na(THF)�2(17). A 0.16 M solution ofn-BuLi in hexane (4.6 mL, 0.74 
mmol) was slowly added to a solution of Yb(NHC6H3Tr2-2,6)2( ju -NHCsHs^^r�-
2，6)2Na(THF) (9; 0.36 g, 0.37 mmol) in 5 mL of THE The mixture was stirred at room 
temperature for one day. Solvent was removed under vacuum, and the residue was 
106 
extracted with hexane (5 mL x 3). The hexane solution were combined and 
concentrated to about 10 mL. Slow evaporation of the solvent afforded 17 as red 
" crystals (0.15 g, 47%). ^HNMR (pyridine-Js): 47.14 (d, 12H, J = 9.0 Hz, /w-aryl H)， 
6.45 (t, 6 H , J = 9.0 Hz,p-aryl H), 3.63 (s, 8H, THF), 1.63 (s, 8H, THF), 1.25 (d, 72H, 
J =6.0 Hz, Tr). ^'C NMR (pyridine-^/s): dH60.30, 130.74, 129.21, 122.84 (aryl C), 
！1 ；[： 
丨I 
68.39, 26.36 (THF), 27.50,24.00 (Tr). IR (KBr, cm'^): v 3025 (m)，2956 (s), 2870 (s)， 
1590 (s), 1458 (s), 1391 (s), 1252 (s), 1039 (s), 886 (s). Anal. Calcd for 
QsHiosLijNeNa^Yb�(17-4THF): C, 60.07; H, 7.26; N，5.61. Found: C, 59.49; H, 6.50; 
丨丨 N,5.91. 
Preparation of [Yb(/^3-NQH3iV2-2，6)3Li2(THF)Na(THF)]2 (18). A 0.142 I' 
1’ 
M solution of n-BuLi in hexane (7.2 mL, 1.02 mmol) was slowly added to a solution of i ! 
丨! 
Yb(NHQH3中r2-2，6)2("-NHC6H3i>r2-2,6)2Na(THF) (9; 0.33 g, 0.34 mmol) in 5 mL of 
THF, followed by procedures similar to those used in the synthesis of 17, affording 18 
as red crystals (0.24 g, 80%). ^H NMR (pyridine-J5): 56.99 (d, 12H, J = 6 . 0 Hz, m-
aryl H), 6.30 (t, 6H,J= 6.0 Hz,/7-aryl H), 3.49 (s, 8H, THF), 1.44 (s, 8H, THF), 1.10 (d, 
72H’ J = 9.0 Hz, Tr). ' 'C NMR (pyridine-J5): ^n60.39, 130.61, 129.13，122.81 (aryl 
C), 68.27,26.24 (THF), 28.41，23.94 (Tr). IR (KBr, cm"^ ): v 3033 (m)，2958 (s), 2870 
(s)，1620 (m), 1583 (s), 1458 (s), 1390 (s)，1318 (s)，1251 (s), 1043 (s), 747 (s). Anal. 
Calcd for CgsHissU^NgNa^OjYbs: C, 61.88; H，8.26; N, 4.42. Found: C, 61.69; H, 7.85; 
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N，4,52, 
Preparation of Cp”Yb(NHC6H3TBu2-2，5)2(THF) (19). A hexane solution of 
" Cp"H (0.16 g，0.80 mmol) was slowly added to a solution of YbCNHQHs它 
2,5)3(THF)3 (10; 0.80 g, 0.80 mmol) in 10 mL of hexane. The mixture was then 
refluxed for one day giving a purple solution that was concentrated to about 5 mL. 
i, f| Slow evaporation of the solvent afforded 19 as red crystals (0.50 g, 74%). ^H NMR 
] 
(CA)： 426.81 (br，Cp”)，1.29 (s，18H, t-butyl), 0.30 (s, 18H, t-butyl), -5.30 (s，2H, 
THF), -11.90'(s,2H, THF), -28.29 (s, 18H, TMS). ^'CNMR(QDJ: (aryl C), 
•I 
31.51, 29.75 (t-butyl), 1.37 (TMS). IR (KBr, cm" )^: v 3200 (w)，2957 (s), 2914 (s), 
(•1 'I 
1678 (m), 1617 (s), 1459 (s), 1089 (s)，1023 (s), 806 (s). Anal. Calcd for 
C43H73N20Si2Yb: C, 59.83; H，8.52: N, 3.24. Found: C, 59.96; H, 8.81; N, 3.70. 
tl 
Preparation of [Cp”Yb(NHC6H33ii2-2，5)3�[Li(DME)(Diglyme)l (20). A 
THF (5 ml) solution ofCp"Li (2; 0.09 g, 0,439 mmol) was slowly added to a solution 
of Yb(NHC6H3它U2-2,5)3(THF)3 (10; 0.44 g，0.439 mmol) in 10 mL of THF at room 
temperature, The mixture was then stirred overnight and a red solution was resulted. 
Removal of THF and hexane extraction gave a red solution. Removal of hexane gave a 
red solid that was recrystallized from a mixed solvent of DME/THF/Diglyme/hexane 
at 30�C affording 20 as red crystals (0.46 g, 82%). NMR (CA)： ^7.21 (d，3H, 
6,0 Hz, aryl H), 6.83 (d，3H, J二 6.0 Hz，aryl H), 6.24 (s, aryl H)，1.29 (s, 27H, t-butyl), 
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0.24 (s, 27H, t-butyl), 0.23 (s, 18H,TMS). ^'C NMR (CA)：们49.94’ 145.06’ 131.16, 
126.91，116.20’ 115.51 (aryl C)，122.00 (Cp"), 34.43, 34.24, 32.28, 31.85 (t-butyl), 
'1 .31 (IMS). IR (KBr, cm" )^: v 3370 (m)，3064 (w), 2956 (s)，2906 (s)，1607 (s), 1546 
(s)，1493 (s), 1404 (s), 1308 (s), 1246 (s), 1079 (s)，936 (s), 834 (s). Anal. Calcd for 
CssHiieLiNsOsSisYb: C, 61.38; H, 9.19; N, 3.30. Found: C，61.15; H, 8.74; N，3.73. 
t 
Preparation of YMNHCgHs彻2-2，5)3(呵�6丑3彻2-2，5)(THF)2 (21). A 
0.142 M solution of n-BuLi in hexane (1.41 mL, 0.20 mmol) was slowly added to a 
solution of Yb(NHC6H3它U2-2，5)3(THF)3 (10; 0.20g, 0.20mmol) in 10 mL of hexane. 
The mixture was stirred at room temperature for one day giving a red solution that was 
I] 
concentrated under vacuum to about 5 ml. This solution was then kept at -30�C for 
several days, affording 21 as red crystals (0.15 g, 65%). ^H NMR (pyridine-t/s): 47.26 :: 
Cl 
(d ,4H, J= 9.0 Hz, aryl H), 7.00 (s, 4H, aryl H), 6.81 (d, 4H, J二 9.0 Hz, aryl H), 4.99 
(br, NH), 3.62 (s, 4H，THF), 1.58 (s, 4H, THF), 1.43 (s, 36H, t-butyl), 1.23 (s，36H, t-
butyl). 13c NMR (pyridine-而：J128.46，116.76 (aryl C), 33.27, 31.54 (s，t-butyl). IR 
(KBr, cm-i): v 2957 (s), 2910 (s), 1600 (m)，1541 (m), 1489 (s), 1403 (s)，1306 (s), 
1246 (m), 1023 (m), 944 (m). 
X-ray structure determination. All single crystals were sealed with mother 
liquor under Nj in thin-walled glass capillaries. Data were collected at 294 K on an 
MSC/ IS-nC imaginRigaku RAXg plate using Mo-Ka radiation (0.71073 A) from a 
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Rigaku rotating-anode X-ray generator operating at 50 kV and 90 mA. An absorption 
correction was applied by correlation of symmetry-equivalent reflections using the 
ABSCOR p r o g r a m . A l l structures were solved by direct methods and subsequent 
Fourier difference techniques, and refined anisotropically for all non-hydrogen atoms 
by full-matrix least squares, on F^ using the Siemens SHELXTL program package (PC 
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Appendix 
Table 1. Crystal data and Summary of Data Collection and Refinement for Compound 
5 and 6 
•,‘ 
Compound 5 Compound 6 
formula C38H74C12ErLi04Si4 C38H74C12Li04Si4Yb 
cryst size (mm) 0.34 x 0.25 x 0.20 0.80 x 0.40 x 0.24 
fw 952.43 958.21 
cryst class Monoclinic Monoclinic | 
space group P2(l)/n P2{\)ln . 丨 
a, A 11.5990(5) 11.6080(4) 丨 
b A 21.8560(13) 21.8260(10) 
C,'A 20.6640(13) 20.5520(9) ！ 
4，deg 95.723(4) 95.769(3) 
V A^ ^ 2 . 4 ( 5 ) 5180.6(4) 
Z 4 ： 4 
D一 Mg/m3 — 1 . 2 1 4 1229 
Radiation ( A . k ) NUCJ0.71073) M,K,(0.71Q73) 
2 Grange, deg 一1.36-25.51 1-36-25.00 
",mm-i 1.835 2.032 
F(QQQ) 1980 1 9 ^ 
No. ofobsd rflns 8053 ^ |; 
No. of params refhd 483 452 
Goodness of fit 1.084 U 09 丨  
R 1 0.0656 0.0601 
wR2 I 0 . I 8 6 6 10.1659 
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Table 3. Crystal data and Summary of Data Collection and Refinement for Compound 
10 and 11 
Compound 7 Compound 9 
formula C30H58C12LiQ2Si4Yb C52H8QN4NaOYb 
cryst size (mm) “ 0.28 x 0.25 x 0.13 0.28 x 0.22 x 0.12 
fw 814.00 而.23 
cryst class Monoclinic Monoclinic 
space group P2(l)/c 一尸2(l)/n 
a,A 12.9720(9) 24.516(1) 
b，A 19.5840(17) 19.815(1) 丨 c,A 16.8720(18) 24.541(1) 
4，deg 92.061(3) 117.683(1) 
Y A3 4283.5(7) 10557.3(9) : 
Z 4 8 
‘ D一 Mg/m3 ~ 1.262 1.225 
Radiation ( i , A ) M„K^(0.71Q73) M,K,(0.71073) 
2 夕range，deg 1.57 - 24.99 1.39 - 25.00 
从 mm-i 2.441 —1.817 
F(OQO) 4072 
No. of obsd rflns 6096 18578 
No. of params refhd 362 1067 
Goodness of fit 1.082 —0.810 R1 0.0520 0.0430 ” 
wR2 |Q.1Q84 10.0771 
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Table 3. Crystal data and Summary of Data Collection and Refinement for Compound 
10 and 11 
� Compound 10 Compound 11 
- Formula C54H90N3Q3Yb C63HI09KN303Yb 
cryst size (mm) a36 x 0.28 x 0.18 0.50x0.20x0.18 — 
fw 1002.33 1168.67 
cryst class Triclnic Monoclinic 
space group ^ P2(\)Ivl 
a，A 14.665(3) 10.8620(4) 
b, A 16.063(3) 25.658(1) , 
c, A 16.483(3) 24.521(1) ； 式 deg 80.56(3) 91.948(3) 
V，人3 3215.0(11) 6830.0(5) 丨 
Z 2 4 —1.035 
Radiation M�K^(0.71073) NiKJO.71073) 
2 夕range，deg 1.41 -25.56 ~ 1.15 -22.50 
1.489 1.470 
F(OOQ) 1 0 ^ 2484 
No. ofobsd rflns 10033 —7517 
No. of params refhd 569 
Goodness of fit 1 ^ 8 1.113 
R1 0.0522 —0.0610 
^ ^ 3 6 9 |0.1503 ~~— j,i 
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Table 3. Crystal data and Summary of Data Collection and Refinement for Compound 
10 and 11 
Compound 16 Compound 17 
formula C51H83N3NaQSi2Yb C91H140Li2N6Na204Yb2 
cryst size (mm) 0.45 x0.22 x0.12 0.30 x0.25 x 0.25 
fw 1006.41 1788.03 
cryst class Triclinic Monociinic 
space group ^ P2(l)/n 
a，A 11.735(2) 17.839(4) 
b, A 12.323(3) 22.603(5) c，人 20.207(4) 25.919(5) 
j3�deg 102.36(3) 93.75(3) I, 
V’ 人3 2715.9(9) 10428(4) ！ 
Z 2 4 ’ 
Mg/m^ 1.231 1139 
Radiation (A, A) M„KJ0.71073) M.K„(Q.71073) ‘ 
2 Grange, deg 1.74 - 25.55 _ 1.43 - 24.00 
从 mm-i 1.809 一1.834 
F(OQQ) 1054 3712 
No. ofobsd rflns 8175 13674 
No. of params refhd 533 933 Goodness of fit 1.019 1.180 
R1 0.0526 0.0953 
wR2 |0.1316 10.2373 ,, 
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Table 3. Crystal data and Summary of Data Collection and Refinement for Compound 
10 and 11 
� Compound 18 Compound 19 
• Formula C98H156Li4N6Na204Yb2 C43H73N20Si2Yb 
cryst size (mm) ^50 x0.32 x0.22 0.42 x0.34 xO.15 
fw 1902.11 863.25 
cryst class Orthorhombic Monoclinic 
space group Pbcn P2{\)Iq 
a’A 17.912(4) 10.569(2) 
b,A 25.454(5) 20.176(4) 
c , A 22.850(5) 22.135(4) 
,，deg — 9 0 93.89(3) 
V,人 3 10418(4) 4709.2(16) 丨 
Z 4 4 
I I ^ 1218 
Radiation (丄 A) UJ^iO.71073) NtKJO.71073) 
2 Grange, deg 1.60-24.00 1.37-25.00 
从 mm-i 1.840 2.067 
F(QQQ) 3 9 ^ 
No. of obsd rflns 6740 
No. of params refhd 512 
Goodness of fit 1.142 1.114 
R1 0.0731 0.0846 
wR2 10.1806 10.2075 I j 
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Table 3. Crystal data and Summary of Data Collection and Refinement for Compound 
10 and 11 
-� Compound 20 Compound 21 
• Formula C65H116LiN306Si2Yb C76H128N4Q5Yb 
cryst size (mm) 0.40 x 0.22 x 0.20 0.60x0.60x0.20 — 
fw 1271.77 1350.86 . 
cryst class Triclinic Orthorhombic 
space group ^ Fddl 
a’ A 14.5517(9) 21.754(4) 
b,A 16.7981(10) 23.368(5) 
c, A 19.9952(12) 36.230(7) 式 deg 69.9420(10) ^ 
V,人3 4393.6(5) 18417(6) 
Z 2 8 
0.961 0.974 
. Radiation (A,A) M„K,(Q.71073) MJCJ0.71073) 
2 夕range，deg 1.55-20.00 2.07-24.00 
1.129 1.055 
F(OOQ) 5776 
No. of obsd rflns 8076 
No. ofparams refhd 617 Goodness of fit 0.990 1.070 
R1 0.0675 0.0482 
^ 0.1648 10.1240 I 
I — — 叫 
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Table 9. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters x 10'] for compound 5. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
-，‘ 
I X V I z U(eq) 
Er(l) 4177(1) 234m) 5846(1) 76(1) 
Cl(l) 2731(1) 3m(l) 6057rn i 9 u n 
Cl(2) 6088(1) 2738m MOfn 
Si(l) 1409(1) 1188(1) 5571(1) 120rn 
Si(2) 4384(1) 2129(1) 7784rn l i v n 
Si(3) 4380(1) 3806(1) 4682 门、 107rn 
Si(4) 6171(1) 132Q(n 4758rn QQ 门、 
0(1) -5849(2) -459(1) 7749(2� 145n-> 
0(2) -3142(2) -484(1) 7649(1) 142(1) I 
0(3) -4214(2) -982 � 8886(2� 146n-i 丨 
0(4) -4535(2) - 1 7 2 3 � 7599(2� ]55(U \ 
C(L) 2755(2) 1411(1) 6067RN 85RN I 
C(2) 2822(2) 1777(1) 6637(2) 97(]� 
C(3) 3931(2) 1774(1) 6972(2) 9 i r n 
C(4) 4608(2) 1379(1) 6612(1� 
C(5) 3918(2) 1162(1) 6067(7� 92(n 
C(6) 1718(4) 604(2) 4949(3) 223(2) 
C(7) 450(3) 812(2) 6 1 1 9 � 234(3) i  
C(8) 669(4) 1871(2) 5 1 6 3 � 246(2) 
C(9) 5890(4) 1867(2) 8053(3) 212(2) '丨丨: 
C(10) 4274(4) 2974(2) 7785(2) 139(2) 
C(l l ) 3373(5) 1856(2) 8384(2) 170(7) 
C(12) 4415(2) 2953(1) 4736(1) SS(l) 
C(13) 5391(3) 2594(1) 4830(2) 88(1) 
C(14) 5114(2) 1960(1) 4785(1) 87(1) 
C(15) 3895(2) 1943(1) 4634(1) 89(1) 
C(16) 3461(3) 2535(1) 4616(1) 88(1) 
C(17) 5036(4) 4156(1) 5468(2) 151(2) 
C(18) 5245(5) 4029(2) 4004(2) 164(2) 
C(19) 2833(3) 4087(1) 4515(2) 151(2) 
C(20) 6876(3) 1071(2) 5575(2) 148(2) 
C(21) 7348(3) 1571(2) 4268(2) 153(2) 
C(22) 5410(4) 653(1) 4321(2) 149(2) 
C(31) -6886(6) -738(3) 7638(5) 300(6) 
C(32) -7800(5) -312(3) 7659(5) 308(5) 
C(33) -7257(6) 221(4) 7943(7) 248(6) 
C(33') -7267(10) 226(5) 7402(6) 155(4) 
C(34) -6113(6) 126(2) 7668(5) 323(5) 
C(41) -2004(5) -641(3) 7779(4) 300(3) 
C(42) -1294(6) -307(3) 7495(4) 287(4) 
C(43) -1890(5) 127(4) 7163(4) 328^4^ 
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C(44) -3086(5) 18(3) 7290(4) 286(3) 
C(51) -4851(6) -751(3) 9377(3) 259(2) 
C(52) -4512(6) >1047(4) 9969(3) 327(3) 
C(53) -3568(6) -1335(5) 9935(3) 396(3) 
C(54) -3952(7) -1620(5) 9230(5) 201(3) 
：： C(54') -3197(9) -956(6) 9285(5) 228(6) 
C(61) -3819(6) -1965(2) 7181(3) 205(2) 
C(62) -4096(6) -2618(2) 7124(4) 235(3) 
C(63) -4868(7) -2750(2) 7545(5) 311(5) 
C(64) -5438(6) -2146(3) 7615(6) 235(4) 
C(64') -4455(10) -2304(5) 8087(6) 103(4) 
Li(l) I 4431 � 1-920(2) 7943^) I — 
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Table 10. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 6. U(eq) is defined as one third of the trace of 
the orthogonalized Ujj tensor. 
•:-
= I X I y I z U(eq) 
Yb -821(1) 2662(1) 4156 门、 
Cl(l) -2251(1) 1818(1) -3945m l l ^ m 
Cl(2) 1071(1) 2268(1) -3572n� l U f n 
JA -582(5) 4095(3) 2039(3) 119(2) 
Si � 1176(1) 3681 � -5238rn 97rn 
Si(2) -621(1) 1197(1) -5312(1) 104门、 
Si(3) -3591(1) 3808(1) -4436(1) 116fl) \ 
Si(4) -621(1) 2865(1) -2219(1) 112(1) 丨 
C(L) 120(2) 3040(1) - 5 2 0 7 � 83(1) I 
C(2) 388(3) 2413(1) '-5159(1) 85(1) ； 
C(3) -599(2) 2050(1) -5258(1) 84(1) ] 
C(4) -1520(3) 2463(1) -5384(1) 85(1) 
C(5) -1102(2) 3057(1) -5364(1) 86(1) |； 
C(6) -1054(2) 3219(1) -3031(1) 86(1) | 
C(7) -2178(2) 3219(1) -3371(1) 87(1) | 
C(8) -2246(2) 3580(1) -3935(1) 91(1) i 
C(9) -1089(2) 3838(1) -3946(1) 90(1) |i 
C(10) -380(2) 3611(1) -3403(1) 83(1) 
C(ll) 1852(3) 3927(2) -4421(2) 142(2) ''' 
C(12) 2344(3) 3433(2) -5749(2) 149(2) 
C(13) 383(4) 4356(2) -5661(2) 143(2) 
C(14) -2135(4) 917(2) -5497(2) 156(2) 
C(15) 223(4) 969(2) -5997(2) 152(2) 
C(16) 26(4) 824(2) -4540(2) 138(2) 
C(17) -3282(4) 4390(3) -5042(3) 219(2) 
C(18) -4572(4) 4156(3) -3860(2) 226(3) 
C(19) -4323(3) 3121(3) -4823(3) 222(3) 
C(20) -716(5) 2017(2) -2219(2) 158(2) 
C(21) -1617(4) 3154(2) -1634(2) 171(2) 
C(22) 863(4) 3135(3) -1938(2) 191(2) 
0(1) -779(2) 4020(1) 1100(1) 146(1) 
C(31) -1867(4) 3950(4) 704(3) 154(3) 
C(31') -1027(7) 3410(3) 850(2) 172(4) 
C(32) -1383(5) 3597(3) 119(2) 343(4) 
C(33) -556(5) 4024(3) -4(2) 322(4) 
C(34) -128(5) 4279(3) 633(2) 290(4) 
0(2) -471(2) 3276(1) 2417(1) 146(1) 
C(41) 544(5) 2878(2) 2517(5) 169(4) 
C(41') -214(9) 2780(3) 1987(3) 205(5) 
"C(42) -94(5) 2233(2) 24820^ 2750^ 
130 
"^(43) -953(5) 2347(2) 2869(3) 231(3) 
C(44) -1229(4) 3012(2) 2816(2) 195(2) 
0(3) -1876(2) 4 5 1 6 � 2 3 4 6 � 144 � 
C(51) -1873(3) 5063(2) 2714(3) 277(3) 
C(52) -3144(5) 5302(2) 2589(5) 210(5) 
：：C(53) -3766(3) 4734(2) 2530(3) 257(4) 
C(54) -3037(3) 4398(3) 2106(3) 286(4) 
C(52') -3004(6) 5075(5) 3012(4) 184(4) 
0(4) 858(2) 4544(1) 2251(1) 137(1) 
C(61) 1046(3) 5179(2) 2283(4) 316(4) 
C(62) 2325(5) 5238(3) 2619(4) 203(5) 
C(62') 2287(5) 5242(3) 2042(4) 218(5) 
C(63) 2815(4) 4726(2) 2337(4) 307(5) 
C(64) 1915(4) 4255^) 2326(5) 335:5; “ 





Table 11. Atomic coordinates [ x lO*] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 7. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. •,-
X Y z U(eq) 
Yb(l) "7483(1) -929(1) 17660(1) 74(1) 
Li(l) 7455(5) -292(3) 15713(3) 128(2) 
CL(L) 8688(1) -223(1) 16784(1) 107(1) 
Cl(2) 6219(1) -898(1) 16437(1) 100(1) 
Si(l) 4602(1) -842(1) 18484(1) 119(1) 
Si(2) 7915(1) 1092(1) 18317(1) 114(1) 
Sim 10422(1) -1477(1) 18126(1) 136(1) 
Si(4) 6943(1) -2788(1) 16523(1) 121(1) ！ 
0(\) 8138(3) -695(2) 14844(1) 186(1) | 
CKD 6819(3) 529(1) 15322(2) 173(1) 丨 c m 7343(6) 1046(3) 14914(4) 326(4) 
c m 6617(6) 1577(3) 14809(4) 325(5) 丨 
C(3) 5724(5) 1494(3) 15336(4) 299(4) 
C(4^ 5790(5) 733(2) 15464(4) 271(4) 
a 5 ) 7735(5) -801(3) 14088(3) 267(4) 
8547(6) -875(4) 13587(3) 315(5) 
c m 9359(4) -1144(3) 14060(3) 253(3) 
C(S) 9155(5) -925(3) 14856(3) 270(4) 
a m 5958m -533(1) 18521(2) 83(1) | 
am 6155(2) -729(1) 19056(2) 88(1) ！ 
Cn 3-1 7581(2� -282(1) 19019(1) 86(1) 
Cn 4-1 7306(2) 242(1) 18460(2) 84(1) 
cn5^ 6321(2) 69(1) 18169(1) 82(1) 
Cn 6-1 4524(3) -1749(2) 18472(4) 306(4) 
Cni^ 3919(3) -502(3) 17578(3) 223(3) 
r 门?n 3897G) -474(3) 19309(2) 204(2) 
am 7477(3) 1659(2) 19115(3) 177(2) 
cnm 7372(3) 1 4 7 3 � 17349(2) 180(2) 
m n 9314m 1094(2) 18332(3) 185(2) 
m n 9055(2� -1747(1) 17951(2) 92(1) 
Cni^ 8316m -1899(1) 18499(2) 92(1) 
Cm^ 7457(2� - 2 2 0 9 � 18107(2) 93(1) 
CG4� 7640(2� -2259(2) 17289(2) 89(1) 
CnS^ 8618(2) -1969(1) 17203(2) 91(1) 
5599(3) -2857(3) 16713(3) 253(3) 
cm^ 7534(4) - 3 6 3 5 � 16491(3) 247(3) 
C(38) 7077(4) -2439(2) 15502(2) 204(3) 
CN9^ 10541(3) -647(2) 18649(3) 233(3) 
C(40^ 11067(3� -2157(2) 18738(2) 172(2) 
a 4 1 ) 11074(3) -1428(3) 17134(3) 230(3) 
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Table 12. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters [A^ x 10^ ] for compound 9. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
--• 
X Y z U(eq) 
Yb(l) 2253(1) 2891(1) "^72(1) 58(1) 
Yb(r) 7862(1) 838(1) 2480(1) 60(1) 
N(l) 2064(1) 2514(1) 1535(1) 75(1) 
N(l') 7002(1) 1398(1) 1872(1) 80(1) 
N(2) 1508(1) 3606(1) 2221(1) 71(1) 
N(2') 7712(1) 27(1) 1832(1) 68(1) 
N(3') 8174(1) 690(1) 3459(1) 73(1) 
N(3) 3176(1) 3132(1) 3169(1) 74(1) 
N(4) 2216(1) 1845(1) 2842(1) 69(1) 
N(4') 8533(1) 1635(1) 2564(1) 78(1) 
C(l) 2415(1) 2498(1) 1208(1) 66(1) ‘ 
C(l') 6488(1) 1668(1) 1913(1) 83(1) 
C(2) 2157(1) 2774(1) 607(1) 77(1) : 
C(2') 5886(1) 1503(2) 1457(1) 106(2) 
C(3) 2508(1) 2753(2) 298(1) 110(1) 丨  
C(3�） 5387(1) 1799(2) 1484(2) 160(2) | 
C(4) 3084(1) 2485(2) 553(1) 132(1) | 
C(4') 5468(1) 2239(2) 1950(2) 170(2) 
C(5) 3333(1) 2199(2) 1132(1) 111(1) 
C(5') 6058(1) 2385(2) 2395(2) 148(2) 
C(6) 3001(1) 2205(1) 1459(1) 81(1) 
C(6') 6574(1) 2116(1) 2390(1) 89(1) 
C(7) 1524(1) 3092(2) 311(1) 96(1) 
C(T) 5794(1) 979(2) 960(2) 155(2) 
C(8) 1538(1) 3801(2) 540(1) 116(1) 
C(8') 5859(3) 1211(4) 407(3) 147(3) 
C(8A) 5345(4) 1288(6) 336(4) 278(6) 
C(9) 1217(2) 3122(2) -397(1) 154(2) 
C(9') 5332(2) 456(2) 883(2) 267(3) 
C(1Q) 3289(1) 1856(2) 2075(1) 99(1) 
C(IO') 7202(1) 2299(1) 2893(1) 96(1) 
C(l l) 3959(1) 2045(2) 2500(1) 142(2) 
C ( i n 7275(1) 2199(2) 3533(1) 133(2) 
C(12) 3257(1) 1079(2) 2028(1) 134(2) 
C ( m 7351(1) 3032(2) 2807(1) 116(1) 
C(13) 1133(1) 3982(1) 2408(1) 61(1) 
C(13') 7986(1) -413(1) 1584(1) 61(1) 
C(14) 1225(1) 3902(1) 3009(1) 68(1) 
C(14，） 8620(1) -559(1) 1927(1) 68(1) 
C(15) 871(1) 4284(1) 3199(1) 90(1) 
CqS') 8887(1) -1000(1) 1695a) 83a) 一 
. 1 3 3 
C(16) 432(1) 4725(2) 2820(1) 107(1) 
C(16’） 8561(1) -1300(1) 1136(1) 98(1) 
C(17) 340(1) 4796(2) 2226(1) 94(1) 
C(17) 7949(1) -1141(1) 786(1) 94(1) 
C(18) 682(1) 4440(1) 2012(1) 74(1) 
:: C(18') 7653(1) -695(1) 996(1) 75(1) 
C(19) 1702(1) 3419(2) 3458(1) 86(1) 
C(19') 8986(1) -250(1) 2557(1) 82(1) 
C(2Q) 2288(1) 3803(2) 3838(1) 140(2) 
C(20') 9674(1) -128(2) 2761(2) 163(2) 
C(21) 1501(1) 3041(2) 3879(1) 124(2) 
C(21’） 8957(1) -638(2) 3056(1) 135(2) 
C(22) 558(1) 4531(1) 1348(1) 91(1) 
C(22') 6984(1) -504(2) 589(1) 97(1) 
C(23) 283(2) 5205(2) 1059(1) 171(2) 
C(23') 6559(1) -985(2) 674(1) 161(2) 
C(24) 145(2) 3987(2) 946(1) 179(2) 
C(24') 6793(1) -466(2) -84(1) 154(2) i 
C(25) 3721(1) 3483(1) 3324(1) 59(1) 
C(25') 7998(1) 578(1) 3916(1) 67(1) 
C(26) 3755(1) 3934(1) 2898(1) 68(1) 
C(26') 8396(1) 661(1) 4552(1) 88(1) 丨 
C(27) 42880) 4296(1) 3046(1) 91(1) ： 
C(27) 8171(1) 552(2) 4964(1) 111(1) 丨 
C(28) 4791(1) 4204(2) 3617(1) 108(1) J 
C(280 7591(1) 355(2) 4787(1) 113(1) j 
C(29) 4768(1) 3762(2) 4026(1) 106(1) 
C(29') 7188(1) 271(1) 4176(1) 98(1) 丨 
C(30) 4253(1) 3396(1) 3906(1) 78(1) 
C(30') 7381(1) 375(1) 3728(1) 77(1) 
C(31') 9060(1) 877(2) 4756(1) 126(2) 
C(31) 3204(1) 4047(2) 2265(1) 92(1) 
C(32) 3359(1) 4149(2) 1749(1) 148(2) 
C(32’） 9490(2) 646(3) 5400(2) 280(3) 
a 3 3 ) 2809(1) 4602(2) 2302(1) 120(2) 
C(33') 9104(1) 1615(2) 4755(2) 227(2) 
C(34) 4237(1) 2898(1) 4373(1) 104(1) 
C(34') 6949(1) 283(1) 3066(1) 101(1) 
a35 ' ) 6267(1) 339(2) 2883(1) 146(2) 
C(35) 4684(2) 3050(2) 5029(1) 209(3) 
0(36) 4369(2) 2209(2) 4235(2) 176(2) 
a36’） 7052(1) -405(2) 2832(1) 129(1) 
C(37) 1870(1) 1577(1) 3112(1) 51(1) 
C(37) 8700(1) 2111(1) 2263(1) 62(1) 
C(38') 9025(1) 2698(1) 2581(1) 65(1) 
C(39) 896(1) 1229(1) 3044(1) 82(1) 
C(39') 9151(1) 3200(1) 2277(1) 84(1) C(40) 1202a) 944(1) 3626a) I “ 
134 
r C(40’） 8 9 4 6 ^ 1 1 1 ^ 1 5 0 ( 1 ^ 1646(1) 
s m L§27QL_ 1001(1) 3 9 5 i m 
1339(1) 
_ - l j 2 Z a i _ J 3 1 2 ( l } 3712(1) -57(1) 
脳 ⑴ 
_ g 4 3 1 _ J 6 X l I _ J 8 1 5 1 1 1 2141(1) "Tim 
_ - M ( 1 L _ _ J 2 4 2 ( 1 1 . 1670(1) 1 0 6 � 
s m _ _ 2 2 9 9 ( 1 ) 2055(1) " 9 1 ^ 
3275(1) 8 i m 
3541(1) 
-C(45’)__9824(l j___2287(2L. 3617(1) 114(2) 
_g(16) 2866(1) 1382(1) 4105(1) 73(1) 
__g(i6_’） 8270(1) 1416(1) 1285rn ？^vn 
- g 4 7 ) 3196(1) 779(2) 4053(2) 158(2) 
C(47,) 7698(1) 1500(2) 668(2) 165(2) 
C(48) 3077(1) 1536(n A i m u 
C(48') 8 7 4 3 � 1 0 3 3 � 1206(1) 141(2) 
0(1) 1676(1) 615m 105irn i n . m 
C(51) 1747(2) 763(2) 526m 
C(52) 1589(2) 158(2) 1 5 6 ^ 
C(53) 1104(1) -142(2) 257(1) 157(2) 
C(54) 1360(2) 3(2) 915(2) 140(3) 
0(1A) 1465(1) 761(2) 939m 65rn 
C(51A) 1506(2) 923(2) 412m 90(2) 
C(52A) 1394(2) 324(2) 48(2) 106(2) 
C(54A) 1066(2) 206(2) 753(2� m ? ^ O(l') 6883(1) 3062(1) lQ39n^ 
C(51') 6316(2) 3298(3) 972(2) 135(3) 
C(52') 6053(2) 3755(4) 469G� 288(6) 
C(53') 6485(2) 3895(3) 289(2) 128G� 
C(54’） 7017(2) 3598(3) 756(2) 132G� 
C(51B) 6237(2) 2921(3) 7 3 2 � 171(3� 
C(52B) 5963(2) 3427(3) 296(2) \27(2) 
C(53B) 6386(2) 3437(4) 77(2) 175(3) 
C(54B) 6966(2) 3293(3) 5 3 7 � l O i m 
Na(l') 7528(1) 2425(1) 1797(1) 105(1) 
Nad) 1942(1) 1339(1) 18290) loohi 
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Table 17. Atomic coordinates [ x 10"^] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
X Y z U(eq) 
Yb(l) 1829(1) — -2133(1) 3278(1) — 71(1) 
0(1) 2545(1) -3632(1) 4548(1) 86(1) 
0(2) 1196(1) -561(1) 2035(1) 95(1) 
0(3) 1919(1) ^969(1) 3783(1) 97(1) 
N(l) 3364(1) -2130(1) 2806(1) 80(1) 
N(2) 1304(1) >2738(1) 2548(1) 80(1) 
N(3) 480(1) -2209(1) 4158(1) 82(1) 
C(l) 6448(1) -1842(2) 1925(2) 145(1) 
C(2) 4741(2) -753(1) 1561(2) 131(1) 
C(3) 5282(1) -1844(1) 3253(1) 121(1) 
C(4) 5373(1) -1780(1) 2262(2) 108(1) 
C(5) 5071(1) -2637(1) 2301(1) 85(1) 
C(6) 4122(1) -2740(1) 2573(1) 80(1) | 
C(7) 3960(1) -3593(1) 2613(1) 83(1) 
C(8) 4615(1) -4267(1) 2384(1) 89(1) 
C(9) 5530(1) -4121(1) 2097(1) 105(1) 
C(10) 5727(1) -3327(1) 2067(1) 100(1) 
C(ll) 4396(2) -5173(1) 2467(1) 110(1) 
C(12) 4850(3) -5436(2) 1717(2) 222(1) 
C(13) 4770(3) -6061(2) 3389(2) 222(2) ' 
C(14) 3318(2) -5075(1) 2551(2) 165(1) 
C(21) -290(2) -4018(2) 1451(2) 152(1) 
C(22) -696(1) -2862(2) 2093(1) 120(1) 
C(23) 529(2) -4524(1) 2912(1) 120(1) 
C(24) 137(1) -3631(1) 1961(1) 102(1) 
C(25) 936(1) -3156(1) 1388(1) 86(1) 
C(26) 1433(1) -2730(1) 1686(1) 77(1) 
C(27) 2103(1) -2250(1) 1067(1) 85(1) 
C(28) 2346(1) -2215(1) 218(1) 95(1) 
C(29) 1877(1) -2683(1) -44(1) 110(1) 
C(3Q) 1224(1) -3130(1) 518(1) 107(1) 
C(31) 3096(1) -1708(2) -437(1) 116(1) 
C(32) 3862(2) -2433(3) -672(3) 306(2) 
C(33) 2632(2) -824(2) -1298(2) 201(2) 
C(34) 3631(2) -1388(2) 20(2) 223(1) 
C(41), -2538(2) -2418(2) 5249(2) 155(1) 
C(42) -1223(2) -3215(1) 4489(1) 121(1) 
C(43) -1773(1) -1332(2) 3861(1) 124(1) 
C(44) -1576(1) -2379(1) 4752(1) 102(1) 
C(45) -828(1) -2457(1) 5358(1) 86(1) 
C(46) 122(1) -2390(1) 5042(1) 77(1) 
C(47) 7600) -2544G) 5693(1) 89(1) — 
136 
C(48) 530(1) -2752(1) 6599(1) 94(1) 
C(49) -384(2) -2810(1) 6884(1) 112(1) 
C(50) -1042(2) -2679(1) 6281(1) 107(1) 
C(51) 1234(2) -2900(1) 7273(1) 118(1) 
C(52) 1520(4) -3889(4) 8068(3) 161(3) 
：：- C(53) 2245(2) -2765(3) 6791(3) 163(2) 
C(52') 801(3) -3404(3) 8325(2) 156(2) 
C(53') 1955(4) -3822(4) 7423(3) 171(3) 
C(54) 983(3) -1884(2) 7330(2) 255(2) 
C(61) 3475(1) -39550) 4946(1) 97(1) 
C(62) 3725(2) -5037(2) 5479(2) 129(1) 
C(63) 2760(2) -5252(2) 5753(2) 146(1) 
C(64) 2099(1) -4443(1) 5003(1) 104(1) 
C(71) 1737(2) 134(1) 1474(2) 122(1) 
C(72) 1118(2) 943(2) 676(2) 160(1) 
C(73) 405(2) 528(2) 622(2) 175(1) 
C(74) 293(1) -255P) 1582(2) 118(1) 
C(81) 2704(2) -898(1) 4126(1) 133(1) 
C(82) 2313(2) -135(1) 4468(2) 167(1) 
C(83) 1266(2) 14(1) 4525(2) 134(1) 




Table 14. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters [A^ x ICP] for compound 11. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. -_ ‘ 
X Y z U(eq) 
Yb( l )~~ 4816(1) — 1948(1) 4434(1) 一 66(1) 
K(l) 3674(2) 1650(1) 5969(1) 110(1) 
N(l) 6099(7) 2058(3) 5152(3) 77(2) 
N(2) 4394(7) 2754(3) 4260(3) 80(2) 
N(3) 5950(6) 1688(3) 3765(3) 72(2) 
C(l) 6311(8) 1904(3) 5699(3) 67(2) � 
C(2) 6512(9) 1374(4) 5848(3) 73(2) 
C(3) 6405(9) 1234(4) 6392(3) 80(3) 
C(4) 6239(9) 1595(4) 6807(4) 81(3) 
C(5) 6204(8) 2102(3) 6657(4) 71(2) 
C(6) 6300(8) 2286(3) 6129(3) 64(2) 
C(7) 6952(11) 961(4) 5446(4) 88(3) 
C(8) 8181(12) 1157(5) 5220(5) 134(5) 
C(9) 6114(12) 860(5) 4948(5) 131(5) 
C(10) 7203(16) 426(5) 5738(5) 162(7) 
C(l l) 6112(12) 1425(5) 7412(4) 104(4) 
C(12) 4916(15) 1625(7) 7639(6) 189(8) 
C(13) 6170(30) 841(6) 7482(6) 276(15) 
C(14) 7104(17) 1692(9) 7760(5) 219(10) 
C(\5) 6434(9) 2874(4) 6018(4) 78(3) 
C(16) 7616(10) 2983(4) 5702(4) 98(3) 
C(17) 5318(9) 3114(4) 5714(4) 88(3) 
C(18) 6584(13) 3185(4) 6561(5) 120(4) 
C(21) 3941(8) 3264(4) 4261(3) 67(2) 
C(22) 2741(8) 3390(4) 4459(3) 74(2) 
€(23) 2368(8) 3893(4) 4476(4) 80(3) 
C(24) 3081(10) 4316(4) 4326(4) 84(3) 
a 2 5 ) 4207(9) 4199(4) 4127(4) 79(3) 
C(26) 4649(8) 3694(4) 4081(3) 70(2) 
C(27) 1846(10) 2957(5) 4631(4) 95(3) 
C(28) 2364(11) 2678(4) 5153(4) 103(4) 
C(29) 571(10) 3163(6) 4758(6) 137(5) 
C(30) 1618(10) 2559(5) 4156(4) 111(4) 
CGI) 2631(11) 4893(5) 4348(5) 111(4) 
C(32) 3720(30) 5291(14) 4300(19) 122(16) 
C(33) 1500(40) 4970(20) 3966(18) 150(20) 
C(34) 2360(40) 5017(17) 4941(10) 120(15) 
C(32') 2542(19) 5132(8) 3789(8) 133(8) 
A33') 1280(18) 4916(10) 4543(11) 170(10) 
C(34’） 3520(20) 5201(11) 4753(12) 187(11) 
5939ffl 3622W | 3 8 2 7 � I 82(3) 
138 
C(36) I 5783(11) 3297(5) 3290(4) 105(4) 
C(37) 6859(9) 3378(5) 4238(4) 99(3) 
C(38) 6511(11) 4149(5) 3653(5) 125(4) 
C(41) 6188(7) 1479(3) 3247(3) 61(2) 
C(42) 5211(7) 1240(3) 2937(3) 62(2) :� C(43) 5479(8) 1025(3) 2425(3) 71(2) 
C(44) 6622(9) 1039(4) 2196(3) 75(3) 
C(45) 7538(8) 1274(4) 2510(4) 79(3) 
C(46) 7390(7) 1494(3) 3017(3) 67(2) 
C(47) 3918(8) 1175(4) 3149(4) 76(3) 
C(48) 3336(9) 1699(5) 3258(5) 106(4) 
C(49) 3974(10) 836(5) 3655(4) 108(4) 
C(50) 3011(8) 900(5) 2740(4) 102(3) 
C(51) 6809(11) 791(5) 1628(4) 101(4) 
C(52) 8085(13) 841(8) 1466(7) 232(12) 
C(53) 6431(11) 223(5) 1629(5) 119(4) 
C(54) 5987(18) 1070(6) 1211(5) 180(8) 
C(55) 8520(8) 1741(4) 3316(4) 74(2) 
C(56) • 8874(10) 1435(5) 3832(5) 125(4) 
C(57) 8310(9) 2314(4) 3446(5) 97(3) 
C(58) 9662(8) 1738(6) 2965(5) 124(5) 
C(59) 2290(20) 1260(13) 4837(14) 110(10) 
C(59') 2480(30) 1115(15) 4957(19) 190(20) 
0(2) 1759(8) 2061(4) 6452(4) 125(3) 
C(61) 560(12) 1921(7) 6283(7) 188(8) 
C(62) >204(13) 2080(8) 6740(7) 195(9) 
C(63) 456(16) 2534(7) 6999(8) 182(8) 
C(64) 1764(13) 2423(6) 6881(6) 151(6) 
0(3) 2950(20) 764(7) 6547(8) 324(11) 
C(65) 1920(20) 704(9) 6859(10) 250 
C(66) 1250(20) 235(12) 6598(18) 250 
C(66') 1560(30) 140(11) 6879(16) 250 
~C(67) 2390(20) -76(8) 6453(11) 300 
C(68) 3444(18) 284(9) 6386(10) 250 
o h ) 3427(6) 1535(3) 4812(3) 94(2) 
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Table 17. Atomic coordinates [ x 10"^] and equivalent isotropic displacement 
parameters [A^ x 10^] for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
X Y z U(eq) 
"YK1) 8457 9607 8059 47(1) 
Si(l) 12188(3) 12429(3) 8039(3) 63(1) 
Si(2) 8138(3) 12956(3) 11298(3) 73(1) 
N(l) 6709(8) 8997(9) 6443(7) 63(2) 
N(2) 9836(8) 9071(7) 9246(7) 57(2) 
N(3) 9760(8) 8556(8) 6443(7) 62(2) 
N(4) 6467(7) 8796(8) 8943(7) 58(2) 
a n 5870(8) 8127(10) 5290(8) 53(2) 
0(2) 5460(12) 8700(13) 4548(10) 64(3) 
C(3) 4654(14) 7863(14) 3372(11) 83(3) 
C(4) 4202(12) 6497(14) 2909(9) 86(4) 
C(5) 4553(12) 5864(13) 3623(11) 82(4) 
COS) 5378(10) 6698(10) 4812(9) 60(2) 
C(7) 5938(13) 10213(14) 4854(11) 74(4) 
c m 4760(20) 10790(20) 4560(20) 165(10) 
a 9 ) 7300(20) 10710(20) 4483(19) 160(8) 
C(IO) 5759(13) 5964(12) 5571(11) 80(3) 
g i n 6545(16) 4921(15) 4808(17) 125(6) 
C(12) 4439(14) 5315(16) 5962(14) 109(5) 
a i 3 ) 10148(8) 8324(9) 9813(8) 52(2) 
a i 4 ) 10829(12) 9069(13) 11024(10) 58(3) 
e g 5) 11185(11) 8350(12) 11666(10) 74(3) 
a i 6 ) 10874(11) 6943(12) 11091(10) 77(3) 
C(17) 10143(11) 6210(13) 9908(11) 79(3) 
a m 9747(10) 6870(10) 9242(9) 62(2) 
a i 9 ) 11257(12) 10618(15) 11850(11) 68(4) 
a 2 0 ) 11140(20) 11132(17) 13145(12) 120(5) 
C(2l) 12750(14) 11363(16) 11674(15) 109(5) 
C(22) 8900(10) 6013(11) 7959(10) 67(3) 
C(23) 7428(16) 5025(14) 7935(15) 107(5) 
C(24) 9781(16) 5212(14) 7153(14) 101(5) 
C(25) 10181(10) 12209(10) 9661(9) 58(2) 
C(26) 10399(10) 11976(9) 8486(9) 59(2) 
C(27) 9028(9) 11911(11) 7898(9) 65(3) 
C(28) 8057(8) 12024(10) 8665(9) 58(2) 
C(29) 8764(10) 12240(10) 9792(8) 56(2) 
CGO) 13379(13) 11536(13) 8353(17) 119(5) 
a 3 n 13135(13) 14291(16) 8932(17) 123(6) 
C(32) 11883(12) 11964(17) 6383(12) 102(5) 
a 3 3 ) 9821(16) 13914(18) 12520(15) 112(5) 
a 3 4 ) 7166(16) 14106(18) 11210(14) 126(6) 
C(35) 683(X20) 11794(17� 11666^6) 136(7) 一 
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C(36) 10924(12) 8229(12) 6673(12) 81(3) — 
C(37) 11752(14) 7706(17) 5789(13) 109(4) 
C(38) 11340(14) 7595(16) 4677(14) 99(5) 
C(39) 10105(17) 7903(12) 4393(12) 76(4) 
C(40) 9367(13) 8335(14) 5284(11) 84(4) 
C(41) 6624(11) 8320(12) 9729(11) 73(3) 
C(42) 5547(14) 7870(12) 10275(14) 83(4) 
C(43) 4176(12) 7967(12) 9960(11) 81(3) 
C(44) 3984(9) 8475(14) 9168(11) 83(3) 
5136NI) 8872^5^ 865400) 84(4) 
141 
Table 17. Atomic coordinates [ x 10"^] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
•, I • •• • —•••丨_丨圓“‘—'pi • I 丨._• I - • 1 ‘ • • I 丨. — • r ‘ ™ ‘“ ‘ ‘ ““ ~ X Y Z U(eq) 
Yb(l) "7773(1) 9838(1) 9037(1) 52(1) 
Si(l) 7645(1) 10291(2) 10572(1) 72(1) 
Si(2) 9200(1) 12339(1) 8849(1) 70(1) 
N(l) 8339(2) 8780(4) 8423(2) 62(1) 
N(2) 7261(2) 8269(4) 9332(2) 63(1) 
N(3) 7399(3) 6089(4) 8338(2) 87(2) 
N(4) 7056(2) 10852(4) 8507(2) 66(1) 
C(l) 9116(3) 8641(4) 8236(2) 62(1) 
C(2) 9288(4) 9026(5) 7742(2) 76(2) 
C(3) 10083(4) 8932(6) 7596(3) 89(2) 
C(4) 10675(4) 8481(7) 7893(3) 98(2) 
C(5) 10496(4) 8063(5) 8358(3) 87(2) , 
C(6) 9712(3) 8117(5) 8539(2) 66(2) 
C(7) 8649(4) 9478(6) 7388(3) 87(2) 
C(8) 8958(6) 10216(6) 6970(3) 118(3) 
C(9) 8121(5) 8594(7) 7149(3) 107(2) 
C(10) 9547(3) 7548(5) 9026(2) 71(2) 
C(ll) 10208(4) 7657(7) 9448(3) 100(2) 
C(12) 9396(4) 6314(6) 8922(3) 108(3) 
C(13) 6610(3) 7572(5) 9417(2) 62(1) 
C(14) 6677(4) 6701(5) 9774(2) 74(2) 
C(15) 6029(4) 6006(6) 9814(3) 97(2) 
C(16) 5344(5) 6099(6) 9518(3) 100(2) 
a i 7 � 5262(4) 6968(6) 9184(3) 84(2) 
C(18) 5886(3) 7709(5) 9131(2) 66(1) 
C(19) 7430(5) 6501(6) 10111(3) 97(2) 
C(20) 7893(6) 5560(10) 9920(4) 154(4) 
C(21) 7265(6) 6310(8) 10671(3) 144(4) 
C(22) 5772(3) 8641(5) 8745(2) 67(1) 
C(23) 4907(3) 9021(6) 8665(3) 93(2) 
C(241 6107W 8363(5) 8236(2) 81(2) 
C(25) 8232(3) 11418(4) 9659(2) 58(1) 
C(26) 8215(3) 10477(5) 9981(2) 62(1) 
C(27) 8830(3) 9775(4) 9814(2) 58(1) 
C(28) 9204(3) 10281(4) 9409(2) 60(1) 
C(29) 8845(3) 11300(4) 9303(2) 57(1) 
C(30) 8308(4) 9543(7) 11046(3) 102(2) 
C(31) 6701(4) 9486(7) 10472(3) 93(2) 
C(32) 7381(4) 11664(6) 10816(3) 101(2) 
C(33) 10050(4) 13111(6) 9148(3) 111(3) 
C(34) 8393(4) 13330(6) 8671(3) 107(3) 
C(35) 11614(6) 8279(3) 103(2) “ 
142 
C(36) 6760(4) 5491(5) 8470(3) 95(2) 
C(37) 6371(5) 4796(6) 8165(4) 120(3) 
C(38) 6628(8) 4695(9) 7704(4) 169(6) 
C(39) 7248(9) 5243(8) 7550(5) 200(8) 
C(4Q) 7621(6) 5926(7) 7870(4) 139(4) 
: . C(41) 6313(3) 11293(5) 8359(2) 65(1) 
C(42) 6039(4) 11306(5) 7846(3) 81^) 
C(43) 5277(4) 11729(7) 7716(3) 104(2) 
C(44) 4795(5) 12142(7) 8082(4) 115(3) 
C(45) 5068(4) 12116(6) 8576(3) 93(2) 
C(46) 5810(3) 11714(5) 8732(2) 69(2) 
C(47) 6542(4) 10907(6) 7417(3) 92(2) 
C(48) 7073(6) 11843(7) 7242(3) 140(4) 
C ( 4 9 ) 6065(6) 10386(9) 6964(4) 148(4) 
C ( 5 0 ) 6076(3) 11786(5) 9285(2) 74(2) 
C ( 5 1 ) 5444(4) 11385(6) 9656(3) 104(2) 
C(52) 6322(4) 12944(6) 9431(3) 100(2) 
Li( l) I 7785⑴i I 7428(9) 8723(4) I 75(3) 一 
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Table 17. Atomic coordinates [ x 10"^ ] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
X Y z U(eq) 
Yb(l) "^57(1) -2845(1) 2597(1) 55(1) 
Si(l) 6098(1) -4148(1) 2767(1) 73(1) 
Si(2) 8919(1) -4293(2) 2199(1) 97(1) 
Li(l) 7205(8) -1503(7) 2196(6) 87(4) 
N(l) 8053(3) -2066(3) 2077(2) 70(2) 
N(2) 6730(3) -2184(3) 2676(2) 64(1) 
N(3) 8448(3) -2737(4) 3134(2) 76(2) 
a n 6916(3) -3929(4) 2471(3) 67(2) 
C(2) 7562(3) -4151(3) 2616(3) 67(2) 
C(3) 8032(4) -4001(4) 2246(3) 71(2) 
Cf4) 7668(4) -3676(4) 1868(2) 70(2) 
C(5) 7007(4) -3646(3) 2014(2) 66(2) 
C(6) 6145(6) -5014(6) 3009(5) 123(4) 
C(7) 5458(4) -4105(5) 2277(4) 97(3) 
C(8) 5858(5) -3560(6) 3264(3) 104(3) 
a 9 ) 9240(7) -4566(10) 2785(5) 182(8) 
C(IO) 8933(9) -4970(11) 1733(9) 259(14) 
g i n 9452(6) -3568(9) 1992(5) 143(6) 
a i 2 ) 8270(4) -1850(4) 1611(3) 70(2) 
a i 3 ) 7870(5) -1927(4) 1186(3) 78(2) 
a 14) 8080(6) -1659(6) 753(3) 105(3) 
a i 5 ) 8685(7) -1330(9) 705(4) 142(5) 
a i 6 ) 9068(6) -1283(8) 1099(4) 128(5) 
a i 7 ) 8891(5) -1551(6) 1546(3) 92(3) 
a i 8 ) 7192(5) -2267(5) 1195(4) 97(3) 
e g 9) 7130(9) -2854(6) 821(4) 144(6) 
a 2 0 ) 6618(7) -1772(8) 1090(6) 143(5) 
C(2l) 9385(6) -1452(7) 1970(4) 117(4) 
C(22) 9311(11) -738(9) 2185(5) 172(7) 
C(23) 10101(6) -1604(11) 1828(5) 166(7) 
C(24) 6333(4) -1718(4) 2922(3) 70(2) 
C(25) 6625(5) -1342(4) 3314(3) 75(2) 
C(26) 6225(6) -859(5) 3542(4) 99(3) 
C(27) 5583(6) -732(5) 3400(4) 111(3) 
C(28) "5313(6) -1101(5) 3038(4) 100(3) 
C(29) 5664(4) -1592(5) 2783(3) 82(2) 
CnO) 7321(5) -1457(4) 3493(3) 82(2) 
c o n 7827(5) -1029(6) 3225(4) 104(3) 
C(32) 7415(7) -1348(6) 4041(3) 108(3) 
€(33) 5316(4) -1956(6) 2374(4) 104(3) 
C(34) 4668(6) -2281(7) 2526(6) 154(5) 
5209^0) -150002) 193(^5^ 208(10) 一 
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C(36) 8652(4) -2623(5) 3612(3) 75(2) 一 
C(37) 8265(4) -2888(5) 4004(3) 80(2) 
C(38) 8453(5) -2749(6) 4487(3) 97(3) 
C(39) 9010(6) -2380(7) 4598(3) 118(4) 
C(40) 9384(6) -2144(6) 4218(4) 110(4) 
Z C(41) 9225(4) -2250(5) 3732(3) 83(2) 
C(42) 7693(5) -3361(5) 3910(3) 85(2) 
C(43) 7940(7) -4067(5) 3898(4) 112(3) 
C(44) 7117(6) -3307(8) 4281(4) 132(4) 
C(45) 9676(5) -1977(6) 3339(3) 102(3) 
0(1) 7059(4) -616(3) 2025(2) 107(2) 
C(46) 10158(6) -2528(8) 3169(5) 137(5) 
C(47) 10069(7) -1356(9) 3480(5) 147(6) 
CF48) 6571(7) -193(4) 2244(6) 189(9) 
C(49) 6774(7) 512(4) 2125(4) 153(6) 
C(50) 7327(8) 457(4) 1750(6) 151(6) 
O M ) 7422丨8丨 -278(4) 1653(5) 145(5) 一— 
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Table 18. Atomic coordinates [ x lO ]^ and equivalent isotropic displacement 
parameters [A^ x lO” for compound 15. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
- X Y z U(eq) 
Y b ( l ) 2 6 6 6 7 ( 1 ) 15823(1) -2797(1) 95(1) 
N(l) 25312(4) 14078(4) -2751(2) 110(2) 
N(2) 26878(4) 16995(4) -2278(2) 117(2) 
N(3) 26389(5) 16760(4) -3317(2) 121(2) 
N(4) 28056(2) 15400(3) -2826(1) 104(2) 
C(l) 24297(2) 13333(3) -2657(1) 111(2) 
C(2) 23736(2) 12087(3) -2741(1) 151(4) 
C(3) 22545(2) 11217(3) -2634(1) 181(5) 
C(4) 21774(9) 11805(9) -2478(4) 117(4) 
C(4') 22113(19) 11430(19) -2391(8) 156(8) 
C(5) 22309(6) 12875(9) -2379(3) 183(5) 
C(6) 23514(6) 13656(6) -2476(2) 125(3) ^ 
C(7) 24431(7) 11620(6) -2956(5) 231(7) 
C(8) 23710(14) 10539(8) -3220(4) 275(9) 
C(9) 25149(15) 11433(15) -2581(6) 181(7) 
C(9，） 24440(20) 10650(20) -2717(9) 178(10) 
aiO) 23925(6) 14868(8) -2363(3) 159(4) 
c a n 23424(8) 15244(10) -1992(4) 228(6) 
C(12) 23709(10) 15300(11) -2712(4) 231(6) 
a i 3 ) 26739(3) 17176(3) -1867(1) 130(3) 
a i 4 ) 26526(5) 16308(4) -1580(1) 137(3) 
a i 5 ) 26260(6) 16397(5) -1161(1) 178(5) 
a i 6 ) 26208(7) 17354(7) -1028(1) 229(7) 
e g ? ) 26421(7) 18222(6) 4315(2) 215(6) 
a i 8 ) 26686(6) 18133(4) -1735(2) 145(3) 
a i 9 ) 26445(8) 15297(7) -1704(3) 188(4) 
CaO) 25772(12) 14149(10) -1522(5) 294(8) 
a 2 n 27557(11) 15546(12) -1654(5) 258(7) 
C(22) 27000(8) 19113(6) -2029(3) 170(4) 
€(23) 28454(17) 20107(17) -2046(7) 356(11) 
C(24) 25899(16) 19186(17) -2113(8) 390(13) 
a 2 5 ) 26660(3) 17150(2) -3726(1) 112(2) 
C(26) 26714(5) 18154(3) -3866(1) 128(3) 
C(27) 26943(6) 18470(4) -4291(2) 153(4) 
a 2 8 ) 27117(6) 17782(6) -4575(1) 223(6) 
C(29) 27063(6) 16778(5) -4434(1) 177(4) 
CGO) 26834(5) 16462(4) -4009(1) 154(4) 
c o n 26500(9) 18830(8) -3554(4) 196(5) 
C(32) 27170(20) 19020(20) -3015(10) 500(20) 
a 3 3 ) 25552(16) 19304(17) -3822(7) 176(7) 
CPS') 24942(18) 18461(18) -3570(7) 185(8) 
" ^ 4 ) 27018(2) I 15489P) -3858(2) I 183(4) 一 
146 
C(35) I 27678(2) 15048(4) |-4117(2) 261(5) — 
C(36) 25755(3) 14568(6) -3921(3) 269(6) 
C(37) 29830(5) 16812(6) -3112(3) 131(3) 
0(38) 29161(5) 15792(4) -2945(3) 117(3) 
€(39) 29609(5) 15034(6) -2840(3) 139(3) � C(40) 30833(8) 15517(10) -2966(5) 238(6) 
C(41) 31611(8) 16629(9) -3095(5) 281(6) 
C(42) 31046(8) 17111(11) -3209(4) 213(7) 
C(43) 28864(3) 13859(3) -2659(1) 177(4) 
C(44) 29531(3) 13414(5) -2402(1) 423(9) 
a 4 5 ) 28205(5) 12902(5) -2989(1) 256(8) 
C(46) 29440(6) 17579(3) -3237(1) 154(4) 
C(47) 29531(5) 18346(4) -2865(1) 173(5) 
C(48) 29930(8) 184020 丨 -3617a) 258(8) 
147 
Table 17. Atomic coordinates [ x 10"^ ] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
- X Y z U(eq) 
Yb(l) 7140(1) 8011(1) " ^ 9 ( 1 ) 57(1) 
Na(l) 7852(3) 6292(3) 8314(2) 93(1) 
Si(2) 8350(2) 7452(2) 5130(1) 84(1) 
Si(l) 4134(2) 8631(3) 5920(1) 90(1) 
N(l) 8944(5) 7629(5) 7179(3) 63(1) 
N(2) 6339(5) 7100(5) 7643(3) 65(1) 
N(3) 7096(6) 9738(5) 7510(3) 80(2) 
0(1) 7482(6) 5945(6) 9321(3) 109(2) 
a n 9561(6) 7272(6) 7737(3) 60(2) 
C(2) 9828(7) 7956(6) 8443(3) 65(2) 
C(3) 10298(7) 7526(7) 8990(4) 77(2) 
, c m 10523(8) 6460(8) 8891(4) 87(2) 
C(5) 10374(7) 5818(7) 8216(4) 84(2) 
C(6) 9918(7) 6193(6) 7629(4) 69(2) 
c m 9685(8) 9182(6) 8586(4) 76(2) 
C(8) 8892(8) 9419(8) 9085(4) 99(3) 
C(9) 10943(9) 9983(8) 8879(5) 103(3) 
C(10) 9849(8) 5554(7) 6902(4) 82(2) 
g i l ) 9906(10) 4295(8) 6813(5) 114(3) 
am 10861(8) 6135(8) 6639(4) 94(3) 
5380(6) 6243(6) 7679(3) 65(2) 
a i 4 ) 5257(7) 5065(7) 7345(4) 72(2) 
C(15) 4322(8) 4253(8) 7409(4) 88(2) 
C(16) 3505(8) 4526(9) 7767(5) 97(3) 
a n ) 3621(8) 5641(8) 8099(4) 86(2) 
a i 8 ) 4528(7) 6502(7) 8055(4) 70(2) 
C(19) 6144(8) 4641(7) 6956(4) 81(2) 
C(2Q) 6844(9) 3913(9) 7340(6) 115(3) 
C(21) 5513(10) 3954(8) 6202(4) 104(3) 
C(22^ 4663(7) 7743(7) 8468(4) 80(2) 
C(23) 3456(9) 8041(9) 8516(5) 107(3) 
C(24) 5512(9) 7987(9) 9197(4) 103(3) 
a 2 5 ) 7690(8) 10830(6) 7882(4) 71(2) 
C(26) 7297(9) 11451(8) 8441(4) 86(2) 
C(27) 8003(11) 12531(8) 8821(5) 100(3) 
C(28) 9014(10) 13037(8) 8668(5) 100(3) 
C(29) 9387(9) 12440(7) 8141(5) 92(3) 
C(30) 8754(7) 11355(7) 7738(4) 71(2) 
C(31) 6142(10) 10956(9) 8612(5) 102(3) 
C(32) 5075(11) 11272(11) 8183(7) 147(5) 
C(33) 6222(13) 11299(11) 9415(5) 156(5) 
C(34) |9196口） 10787(7) 7118(4) I 77(2) — 
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C(35) 10539(9) 11067(9) 7220(5) 115(3) 一 
C(36) 8535(9) 11087(8) 6471(4) 99(3) 
C(37) 6436(7) 8307(7) 5658(3) 68(2) 
C(38) 5374(6) 7897(6) 5847(3) 67(2) 
C(39) 5393(7) 6764(7) 5875(3) 73CZ) 
、 C(4Q) 6419(7) 6484(7) 5700(3) 72(2) 
C(41) 7089(6) 7441(6) 5557(3) 67(2) 
C(42) 2906(10) 8033(12) 5106(5) 152(5) 
C(43) 3539(9) 8391(10) 6682(5) 111(3) 
C(44) 4666(12) 10196(10) 6036(6) 137(5) 
C(45) 7962(11) 7958(12) 4315(5) 153(5) 
C(46) 8553(11) 5949(10) 4914(6) 145(5) 
C(47) 9821(8) 8435(9) 5685(5) 106(3) 
C(48) 8242(11) 6486(14) 9994(4) 209(9) 
C(49) 7592(13) 6117(13) 10512(4) 178(7) 
C(5Q) 6626(11) 5083(13) 10092(5) 196(8) 
C(5L) 6465(8) 5142FFL 9332(4) 124(4) 
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Table 20. Atomic coordinates [ x 刚 and equivalent isotropic displacement 
parameters [A? x 10 ]^ for compound 17. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
- " V 
X Y z U(eq) 
Yb(l) 一 751(1) — 2127(1) 6532(1) “ 66(1) 
Yb(2) -975(1) 2689(1) 6584(1) 68(1) 
Na(l) 1818(1) 3237(1) 5910(1) 101(1) 
Na(2) -2177(1) 1666(1) 5833(1) 102(1) 
Li(l) 2167(4) 1559(4) 6685(3) 91(3) 
Li(2) -2383(4) 3135(4) 6828(3) 94(3) 
N(l) 152(2) 3037(1) 6549(1) 64(1) 
C( l) 604(2) 3530(2) 6502(2) 93(2) 
C(2) 545(3) 3892(2) 6063(2) 92(2) 
C(3) 1031(3) 4374(2) 6015(3) 115(2) 
C(4) 1544(3) 4531(2) 6386(2) 111(2) 
C(5) 1634(3) 4180(2) 6824(3) 112(2) ‘ 
C(6) 1186(3) 3684(2) 6887(2) 
CM -33(3) 3727(2) 5625(2) 97(2) 
C(8) -288(3) 4272(2) 5313(3) 130(3) 
C(9) 256(4) 3281(2) 5259(2) 115(2) 
C(10) 1285(3) 3354(2) 7420(2) 109(2) 
C(ll) 2043(3) 3417(3) 7708(2) 145(3) 
C(12) 635(4) 3516(4) 7753(3) 186(4) 
N(2) -466(2) 1800(2) 6524(2) 81(1) 
C(13) -899(1) 1298(1) 6428(1) 67(1) 
C(14) -889(2) 1018(1) 5951(1) 77(2) 
C(15) 4343(2) 528(1) 5843(1) 107(2) 
C(16) -1809(2) 319(1) 6212(2) 120(3) 
C(17) -1820(2) 599(1) 6689(2) 112(2) 
-1365(2) 1089(1) 6797(1) 89(2) 
C(19) -384(3) 1232(2) 5531(2) 95(2) 
C(20) -201(3) 760(2) 5141(2) 132(2) 
C(21) -685(4) 1770(2) 5271(2) 118(2) 
C(22) -1342(3) 1322(3) 7343(2) 109(2) 
C(23) -654(4) 1168(5) 7682(3) 207(5) 
C(24) -2084(4) 1201(4) 7616(3) 179(4) 
N(3) 1761(2) 2192(2) 6165(2) 73(1) 
C(25) 2448(2) 2157(2) 5894(2) 72(1) 
C(26) 3095(2) 2457(2) 6105(2) 75(2) 
C(27) 3763(3) 2387(2) 5828(2) 107(2) 
C(28) 3835(3) 2052(2) 5392(2) 103(2) 
C(29) 3198(3) 1760(2) 5180(2) 100(2) 
C(3Q) 2510(3) 1782(2) 5459(2) 77(2) 
C(31) 3140(3) 2814(2) 6601(2) 96(2) 
C(32) 3568(4) 2530(3) 7034(3) 132(3) 
C(33) 3448(4) 3419(2) 6492(3) 143(3) 
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C(34) 1805(3) 1479(2) 5199(2) 95(2) 
C(35) 1470(4) 1810(4) 4778(3) 198(4) 
C(36) 2000(5) 833(3) 5064(4) 212(5) 
N(4) 1228(3) 1508(2) 7104(2) 112(2) 
C(37) 1315(2) 1035(2) 7421(2) 89(2) � C(38) 1479(3) 1116(2) 7959(2) 106(2) 
C(39) 1545(4) 654(3) 8287(3) 150(3) 
C(4Q) 1425(4) 63(3) 8086(3) 143(3) 
C(41) 1258(3) -31(3) 7563(2) 119(2) 
C(42) 1191(3) 443(2) 7242(2) 97(2) 
C(43) 1568(3) 1718(3) 8169(3) 130(3) 
C(44) 1103(6) 1872(4) 8545(5) 306(8) 
C(45) 2297(6) 1832(4) 8358(4) 222(5) 
C(46) 963(3) 314(3) 6653(2) 123(3) 
C(47) 303(4) -48(3) 6556(3) 162(4) 
0(48) 1587(5) 6(5) 6483(5) 276(7) 
N(5) -1410(3) 3136(2) 7256(2) 119(2) 
C(49) -1353(1) 3596(1) 7640(1) 93(2) 
C(50) -1413(2) 3471(2) 8160(1) 165(3) 
C(51) -1433(3) 3929(3) 8517(1) 168(4) 
C(52) -1392(3) 4513(2) 8352(2) 167(4) 
C(53) -1331(3) 4638(1) 7831(2) 152(3) 
C(54) -1312(2) 4180(1) 7475(2) 129(3) 
C(55) >1358(5) 2784(4) 8388(3) 181(4) 
C(56) -898(6) 2706(5) 8849(5) 268(7) 
C(57) >2130(4) 2596(5) 8483(5) 314(6) 
C(58) -1228(4) 4358(3) 6893(3) 162(3) 
C(59) -1951(6) 4643(5) 6632(4) 290(6) 
C(6Q) -534(5) 4737(4) 6825(4) 201(5) 
N(6) -2084(2) 2658(2) 6229(2) 81(1) 
C(61) -2774(2) 2711(2) 5977(2) 77(2) 
C(62) -3417(2) 2368(2) 6129(2) 84(2) 
C(63) -4148(3) 2453(2) 5863(3) 112(2) 
C(64) -4241(3) 2851(3) 5454(3) 126(3) 
C(65) -3666(3) 3190(2) 5346(2) 96(2) 
C(66) -2958(3) 3107(2) 5573(2) 96(2) 
C(67) -3357(3) 1923(2) 6536(2) 103(2) 
C(68) -3650(3) 1284(3) 6347(3) 140(3) 
C(69) -3742(4) 2108(4) 7035(3) 164(3) 
C(70) -2270(3) 3486(2) 5367(2) 99(2) 
C(71) -2487(4) 4125(3) 5178(3) 166(4) 
C(72) -1974(4) 3180(3) 4905(3) 146(3) 
0(1) 2295(2) 3660(1) 5183(1) 149(2) 
0(2) 3034(1) 1052(1) 6825(1) 115(1) 
0(3) -3213(1) 3604(1) 7016(1) 141(2) 
0(4) -2761(2) 1345(1) 5058(1) 133(2) 
€(73) 2310(2) 4257(1) 5041(1) 211(4) 
C(74) 2815^) 4310(1) 45940) 238(6) 
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C(75) 3109(2) 3685(1) 4501(1) 241(6) 
C(76) 2702(2) 3296(1) 4873(1) 194(4) 
C(77) 3588(2) 934(2) 6470(1) 138(3) 
C(78) 4205(1) 589(2) 6764(1) 269(5) 
C(79) 3921(1) 453(2) 7288(1) 203(4) � C(8Q) 3169(1) 762(2) 7305(1) 168(3) 
C(81) -3860(2) 3778(2) 6713(1) 178(4) 
C(82) -4337(1) 4128(2) 7073(1) 270(5) 
C(83) -3888(2) 4162(2) 7588(1) 290(7) 
C(84) -3230(2) 3742(2) 7546(1) 227(4) 
C(85) -2652(2) 827(1) 4766(1) 202(4) 
C(86) -3117(2) 897(1) 4255(1) 238(5) 
C(87) -3553(2) 1470(1) 4307(1) 227(4) 
C(88) -3285(2) 1736(1) 4822(1) 180(4) 
C(89) 5831(2) -183(4) 5213(2) 140(5) 
C(89') 5538(4) -505(2) 5251(2) 107(3) 
C(9Q) 5216(2) -10(1) 5578(1) 187(3) 
C(91) 4670(3) 459(2) 5326(3) 162(6) 
‘ C ( 9 r ) 4712(3) 421(2) 5269(3) 170(61 ~ 
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Table 21. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters [A^ x 10^ ] for compound 18. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
. .� 
X I y 丨 z — U(eq) 
Yb(l) 9118(1) — 1529(1) 2231(1) 58(1) 
Na(l) 7955(4) 831(3) 3286(3) 90(3) 
Li(l) 9831(16) 2049(17) 1310(14) 96(12) 
Li(2) 7800(20) 1700(15) 1630(15) 95(12) 
N(l) 10317(7) 1539(5) 1870(5) 61(4) 
N(2) 8780(8) 2064(6) 1570(6) 74(5) 
N(3) 8061(7) 1149(6) 2272(5) 64(4) 
0(1) 6936(6) 1864(5) 1146(6) 117(6) 
0(2) 7453(8) 68(5) 3639(5) 126(7) 
C � 9239(9) 1443(7) 3595(7) 63(5) 
C(2) 8717(11) 1841(8) 3797(8) 78(6) 
C(3) 8263(11) 1735(10) 4290(8) 92(7) 
C(4) 8291(12) 1260(10) 4578(9) 100(8) 
C(5) 8795(11) 883(9) 4394(8) 88(7) 
C(6) 9260(9) 966(8) 3923(7) 71(6) 
C(7) 8653(9) 2384(7) 3511(9) 101(8) 
g S ) 7911(15) 2644(11) 3549(16) 164(14) 
C(9) 9136(19) 2764(13) 3889(17) 109(19) 
C(9') 9315(14) 2757(12) 3550(20) 126(14) 
C(1Q) 9793(11) 536(8) 3733(7) 80(6) 
c m ) 10031(14) 156(10) 4228(9) 123(9) 
C(12) 9490(14) 217(9) 3220(9) 100(8) 
a i 3 ) 8724(10) 2441(8) 1126(8) 80(6) 
C(14) 8828(11) 2288(9) 522(8) 93(7) 
a i 5 ) 8739(14) 2673(10) 80(10) 123(9) 
a i 6 ) 8613(16) 3191(10) 219(11) 139(10) 
C(17) 8542(16) 3338(10) 792(11) 124(10) 
a i 8 ) 8602(13) 2977(9) 1246(10) 103(8) 
a i 9 ) 8947(13) 1717(10) 342(10) 105(9) 
C(2Q) 9655(15) 1662(11) -34(11) 129(11) 
C(2\) 8274(16) 1502(13) 19(17) 184(16) 
C(22) 8527(15) 3159(10) 1866(12) 128(11) 
C(23) 7790(20) 3350(20) 2010(20) 250(20) 
C(24) 9070(20) 3563(18) 2070(20) 220(30) 
a 2 5 � 7397(9) 899(7) 2207(7) 68(6) 
C(26) 6717(9) 1053(8) 2531(8) 73(6) 
C(27) 6067(10) 770(10) 2450(10) 96(8) 
C(28) 5990(13) 360(11) 2053(11) 112(9) 
C(29) 6611(11) 209(9) 1763(9) 91(7) 
COO) 7293(9) 447(7) 1823(7) 69(5) 
c o n 6747(14) 1524(9) 2931(10) 100(9) 
" ^ 2 ) 16343(16) I 2006(11) 2654(12) | 127(11) 
153 
C(33) I 6393(14) 1417(11) 3538(11) 125(11) 一 
C(34) 7951(11) 248(8) 1480(8) 81(6) 
C(35) 8302(18) -213(12) 1784(13) 154(13) 
C(36) 7786(16) 99(15) 843(10) 179(17) 
C(37) 6309(9) 1530(6) 1066(11) 144(12) � C(38) 5708(8) 1855(7) 803(13) 265(19) 
Cf39) 6066(9) 2359(6) 612(11) 250(20) 
C(4Q) 6840(9) 2354(7) 866(11) 166(13) 
C(41) 7038(14) -239(8) 3248(7) 173(15) 
C(42) 6620(11) -645(7) 3581(7) 214(18) 
C(43) 6918(13) -610(7) 4202(7) 216(18) 
C(44) 7424(13) -132(8) 4213(8) 209(15) 
C(45) 5191(19) 288(7) 470(16) 220(20) 
C ( 4 6 ) 5568(18) -233(9) 389(13) 150(20) 
C(46’） 5180(40) -292(8) 530(11) 160(20) 
C(47) 5180(19) -558(12) -54(9) 250(20) 
CF48) 6020(20) 3509(17) 3220(20) 210(20) 
" ^ 9 ) 966(X40丨-1390(20) 2770(20) 280(30) — 
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Table 17. Atomic coordinates [ x 10"^] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
- X Y z U(eq) 
0(1) 一 5134(6) 2390(3) 129(3) “ 74(2) 
Yb(l) 3302(1) 1950(1) 455(1) 62(1) 
Sid) 853(4) 678(2) 1108(2) 96(1) 
Si(2) 3921(3) 945(1) -999(1) 79(1) 
N(l) 1920(8) 2626(4) 28(4) 76(2) 
N(2) 3758(8) 2171(3) 1396(4) 67(2) 
c m -568(16) 1110(10) 753(9) 164(8) 
C � 549(15) -223(7) 1130(7) 128(5) 
a 3 ) 1218(18) 974(10) 1875(7) 153(7) 
C(4) 2226(10) 813(5) 637(5) 74(2) 
C(5) 3512(11) 719(4) 835(4) 72(3) 
C(6) 4256(10) 767(4) 332(4) , 70(2) 
C(7) 3454(9) 894(4) -206(4) 67(2) 
g S ) 2218(10) 906(4) 12(5) 74(3) 
C(9) 3098(14) 1678(6) -1357(6) 103(4) 
CaO) 5663(11) 1028(6) -993(6) 90(3) 
ce l l ) 3383(13) 205(6) -1442(6) 101(4) 
C(12) 1064(8) 3092(4) 213(5) 62(2) 
a i 3 ) 355(9) 3553(4) -171(4) 67(2) 
C(14) -383(9) 4010(5) 105(5) 75(3) 
a i 5 ) -533(10) 4015(5) 729(6) 85(3) 
a i 6 ) 93(11) 3562(5) 1111(5) 80(3) 
C(17) 870(12) 3112(5) 829(5) 77(3) 
a i 8 ) 480(10) 3556(5) -868(5) 82(3) 
a i 9 ) -457(13) 4092(6) -1163(5) 100(4) 
C(20) 44(14) 2885(7) -1141(6) 105(4) 
C(2\) 1823(13) 3735(7) -1029(7) 114(4) 
C(22) -105(12) 3518(7) 1775(5) 94(3) 
C(23) -960(40) 2952(14) 1886(12) 310(20) 
C(24) -900(30) 4083(13) 1987(9) 245(14) 
C(25) 1170(20) 3550(30) 2113(8) 380(30) 
C(26) 4355(8) 2729(4) 1657(4) 59(2) 
C(27) 5201(9) 2731(4) 2177(4) 61(2) 
€(28) 5720(10) 3352(5) 2346(4) 72(2) 
cn9^ 5415nn 3930(5) 2042(5) 80(3) 
C(3Q) 4618(9) 3934(4) 1534(4) 64(2) 
C(31) 4091(8) 3336(4) 1356(4) 60(2) 
C(32) 5580(10) 2106(5) 2527(5) 70(2) 
COS) 4422(12) 1775(5) 2781(6) 86(3) 
C(34) 6503(12) 2243(6) 3068(5) 95(3) 
a 3 5 ) 6238(12) 1614(6) 2116(6) 99(4) 
0 3 ^ I 4306(11) 4597(4) 丨 1199(5)丨 77(3) 
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C(37) 3350(11) I 4509(6) 629(6) 102(4) 
C(38) 3712(13) 5069(5) 1664(6) 103(4) 
C(39) 5507(13) 4906(7) 994(7) 123(5) 
C(4Q) 6392(10) 2243(6) 419(6) 94(3) 
C(41) 7285(14) 2683(9) 173(10) 161(8) 
� C(42) 6559(14) 3211(8) -134(9) 116(5) 
- C(43) I 522902^ 2974(6) - 2 4 6 ( 7 )丨 94(4) 
# 
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Table 17. Atomic coordinates [ x 10"^] and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 14. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
X I y I z U(eq) 
Yb(l) — -7828(1) — 6872(1) -2525(1) 44(1) 
Si(l) -8331(2) 5422(1) -774(1) 70(1) 
Si(2) -4903(2) 5602(2) -3297(1) 79(1) 
N(l) -7211(4) 7642(3) -3432(3) 76(2) 
N(2) -8366(3) 6180(3) -3107(3) 62(2) 
N(3) -9144(4) 7711(3) -1803(3) 65(2) 
C(l) -6670(5) 8251(4) -3534(4) 73(3) 
C(2) -6148(5) 8541(4) -4234(4) 74(3) 
C(3) -5611(6) 9099(5) 4232(5) 104(4) 
C(4) -5484(6) 9310(5) -3660(5) 116(4) 
C(5) -6025(5) 9052(4) -2959(4) 77(3) 
C(6) -6616(5) 8546(4) -2919(4) 70(3) 
C(7) -6241(7) 8283(6) 4 9 2 4 � 115(4) 
C(8) -5658(8) 8798(6) -5578(5) 160(5) 
C(9) -5734(7) 7359(5) -5071(4) 126(4) 
C(1Q) -7338(7) 8528(7) -4907(4) 141(5) 
C(l l) -5976(5) 9352(5) -2236(5) 119(3) 
C(12) -6821(9) 9104(8) -1582(6) 232(7) 
C(13) -4909(8) 9011(11) -2262(7) 296(8) 
C(14) -6476(10) 10275(6) -2172(7) 228(7) 
C(15) -9247(4) 6106(4) -3196(3) 47(2) 
C(16) -9298(5) 5777(4) -3801(3) 61(2) 
C(17) -10244(5) 5772(4) -3808(3) 74(3) 
C(18) -11096(5) 6030(4) -3259(4) 76(3) 
C(19) -11077(5) 6328(4) -2646(4) 64(3) 
C(2Q) -10166(4) 6355(4) -2630(3) 55(2) 
C(21) -8350(5) 5477(4) -4466(3) 77(3) 
C(22) -7860(6) 6172(5) -4794(4) 110(4) 
C(23) -8571(6) 5173(6) -5070(4) 126(4) 
C(24) -7581(5) 4717(5) -4271(4) 93(3) 
C(25) -12065(5) 6616(5) -1992(4) 89(3) 
C(26) -12948(6) 6872(11) -2165(5) 255(10) 
C(27) -12152(10) 5842(10) -1521(7) 262(9) 
C(28) -11988(8) 7176(8) -1518(6) 271(6) 
C(29) -9968(4) 8316(4) -1877(3) 49(2) 
C(3Q) -10745(5) 8853(4) -1332(3) 71(3) 
C(31) -11514(6) 9410(5) -1542(5) 102(4) 
C(32) -11580(6) 9478(5) -2216(4) 89(3) 
C(33) -10808(5) 8962(4) -2749(4) 73(3) 
C(34) -10063(5) 8423(4) -2559(3) 67(3) 
C(35) -10755(5) 8791(4) -567(4) 77(3) 
Cr36) -9785(6) 8924(5) -510(4) 102(3) 
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C(37) I-11678(7) I 9487(6) -89(4) | 125(4) 
C(38) -10874(7) 7916(5) -230(4) 115(4) 
C(39) -10875(6) 9000(5) -3493(4) 100(3) 
C(40) -10016(13) 9502(12) -3978(10) 130(7) 
C(40') -10673(16) 9793(13) -3821(11) 158(9) � C(41) -12002(8) 9278(12) -3501(5) 279(11) 
“ C(42) -10347(8) 8176(6) -3887(4) 157(5) 
C(43) -7389(4) 5844(4) -1463(3) 53(2) 
C(44) -7083(4) 6564(4) -1432(3) 59(2) 
C(45) -6262(4) 6607(4) -2051(3) 59(2) 
C(46) -6001(5) 5904(4) -2507(3) 57(2) 
C(47) -6737(5) 5472(4) -2122(3) 57(2) 
C(48) -8704(6) 6008(5) 73(4) 102(4) 
C(49) -9456(6) 5496(5) -1022(4) 104(4) 
C(50) -7737(6) 4299(5) -663(4) 105(4) 
C(51) -4333(6) 6491(5) -3659(4) 107(4) 
C(52) -5277(6) 5249(6) -3986(4) 115(4) 
C(53) -3902(7) 4760(6) -3063(5) 140(5) 
0(1) -8285(5) 11915(4) -4019(3) 182(3) 
0(2) -8830(5) 10940(4) -2879(3) 154(3) 
0(3) -10401(5) 11796(3) -1867(3) 162(3) 
0(4) -10763(6) 12772(4) -3300(5) 274(5) 
0(5) -8968(4) 13111(9) -2549(6) 413(10) 
Li(l) -9437(10) 12211(9) -2938(7) 91(4) 
C(61) -7822(13) 12403(8) -4732(6) 299(10) 
C(62) -7488(8) 11050(6) 4099(7) 198(6) 
C(63) -8159(8) 10532(6) -3598(4) 148(4) 
C(64) -9417(7) 10377(5) -2352(5) 147(4) 
C(65) -9908(10) 10852(5) -1764(7) 212(6) 
C(66) -11378(9) 12255(9) -1219(6) 253(8) 
C(67) -11253(8) 12147(7) -3522(8) 327(11) 
C(68) -10787(11) 13675(5) >3102(8) 273(8) 
C(69) -9994(7) 13682(8) -2667(7) 208(6) 
C(70) -7893(7) 12615(14) -2464(9) 353(12) 
0(6) -4896(19) 2633(16) -531(13) 288(11) 
0(7) -4980(20) 4100(20) -229(15) 339(14) 
C(71) -4890(30) 1620(20) -716(18) 259(16) 
C(72) -4774(17) 2621(15) 167(13) 164(9) 
C(73) -4845(18) 3524(16) 404(13) 175(10) 
C{1A) -5000 5000 0 280(12) 
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Table 24. Atomic coordinates [ x 10 ]^ and equivalent isotropic displacement 
parameters [A^ x 10 ]^ for compound 21. U(eq) is defined as one third of the trace of 
the orthogonalized Uy tensor. 
-""-V k 
X 丨 y I z U(eq) 
Yb(l) "O 0 4182(1) — 50(1) 
N(l) -716(2) — 146(2) 4657(1) 72(1) 
N(2) 679(2) 89(2) 3704(1) 48(1) 
0(1) -2(3) 1005(1) 4163(2) 83(1) 
C(l) -1251(2) 405(2) 4719(1) 52(1) 
C(2) -1556(3) 673(2) 4417(1) 68(2) 
C(3) -2070(3) 970(2) 4425(2) 67(2) 
C(4) -2414(2) 995(2) 4768(1) 59(2) 
C(5) -2111(2) 745(3) 5080(2) 81(2) 
C(6) -1533(3) 442(2) 5065(1) 70(2) 
C(7) -2370(3) 1232(3) 4068(2) 74(2) 
C(8') -2103(6) 960(5) 3705(4) 94(4). 
C(8) -2411(5) 761(5) 3766(3) 55(3) 
C(9) -2967(4) 1352(6) 4115(2) 317(6) 
C(1Q) -1944(4) 1687(4) 3975(2) 171(3) 
C(l l ) -1278(3) 209(3) 5427(2) 82(2) 
C(12) -1664(3) 328(4) 5760(1) 132(3) 
C(13) -1176(3) -452(2) 5402(1) 73(2) 
C(14) -618(3) 480(3) 5487(2) 109(3) 
C(15) 1219(2) 369(2) 3647(1) 48(1) 
C(16) 1503(2) 607(2) 3954(1) 48(1) 
C(17) 2083(2) 892(2) 3937(1) 56(2) 
C(18) 23Q8G-I 933(3) 3593(2) 99(3) 
C(19) 2060(3) 721(3) 3290(1) 83(2) 
C(2Q) 152Qr2-t 451(2� 3287(2) 66(2) 
C(21) 2355m 1138m 4265(1) 85(2) 
C(22) 2734(2) 672(1) 4457(2) 141(3) 
C(23) 1924(2) 1362(2) 4565(1) 422(8) 
C(24) ？16m 1625(2) 4201(2) 210(4) 
C(25) 1240(2) 210(3) 2933(1) 62(2) 
C(26) 1644(4) 353(4) 2588(2) 111(3) 
C(27) 419(3) 2933(2) 139(3) 
C(28) 657(3) 507(3) 2846(1) 77(2) 
C(29) 57(3) 1388(2) 3865(2) 86(2) 
C(30) 288(10) 1993(9) 4092(6) 31(5) 
C(3Q') 1(3) 1965(3) 3991G) 74(2) 
C(31) 320(11) 1948(10) 4359(6) 55(6) 
C(3R) -283(5) 1925(4) 4413(3) 100(3) 
C(32) -20(3) 1326(3) 4520(2) 89(2) 
Q(2) -1791(2) 2543(2) 5620(2) 275(6) 
C(33) -1297(2) 2165(2) 5692(1) 358(8) 
C(34) -lOSOpi 2160(2) 5288(1) 289(4) 
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C(35) 丨-1417(4) 丨 2671(2) 5114(1) | 302(11) 
C(36) -1565(3) 3054(1) 5448(1) 385(9) 
0(3) 2494(2) 1840(3) 1284(2) 124(2) 
C(37) 2909(6) 1776(6) 1560(4) 265(6) 
C(38) 2777(5) 1257(5) 1795(3) 211(5) � C(39) 2220(5) 1155(5) 1692(4) 212(6) 
C(40) 2045(5) 1436(5) 1334(3) 202(5) 
0(4) -4218(3) 20(2) 5160(1) 198(4) 
C(41) -4122(2) 536(1) 5360(1) 336(9) 
C(42) -3687(3) 417(1) 5685(1) 240(7) 
C(43) >3637(3) -236(2) 5698(1) 284(9) 
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